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ROBERT ALMER HARPER 


Robert Almer Harper was born at Le Claire, lowa, on January 21, 1862. 
He was the son of the Reverend Almer Harper and Eunice | Thompson] 
Harper. He received the degree of Bachelor of Arts from Oberlin College 
in 1886, and immediately began his career as a teacher. For two years (1886— 
1888) he taught Latin and Greek at Gates College in Nebraska. From 1889 
to 1891 he was instructor in science at Lake Forest Academy, Lake Forest, 
Illinois. In 1891 he returned to Oberlin for the degree of Master of Arts, and 
became professor of botany and geology at Lake Forest College. He con- 
tinued the study of botany at Johns Hopkins University and at the Univer- 
sity of Bonn; in 1896 the latter institution conferred on him the degree of 
Doctor of Philosophy. In 1898 he became Professor of Botany in the Uni- 
versity of Wisconsin, where he remained for thirteen years. He came to 
Columbia University in 1911 as Torrey Professor of Botany. He remained at 
Columbia until 1930, when he retired with the title of Professor Emeritus. 

Professor Harper was elected to the Torrey Botanical Club in 1911, and 
from that time until his retirement was one of its most active members. He 
was a member of the finance committee in 1912 and 1913 and from 1917 
to 1932, and was also a member of the budget committee during the latter 
period. He was president of the Club during 1914, 1915, and 1916. He served 
also on the local flora committee and as a member of the council. He attended 
almost every meeting of the Club, and was ever ready to participate actively 
in the discussions. During his early years at Columbia he also showed great 
interest in the field trips and often organized special excursions for groups 
of students in the department of botany. He bought a large Panhard auto- 
mobile in which he carried students to the Pine Barrens of New Jersey, to 
Cold Spring Harbor, Long Island, and to many other places in the Torrey 
Club area. Those who accompanied him on these outings carried away the 
most pleasant memories. 

The researches for which Professor Harper is best known are his classic 
studies in the morphology and cytology of the slime molds and the ascomy- 
cetes. The beautiful figures with which his papers were illustrated have long 
served as models for later workers. A number of his later papers dealt with 
the evolution of cell types and problems of morphogenesis as elucidated by 
Pediastrum, Hydrodictyon, and Dictyostelium. 

His interests have never been confined to his own specialities; few men 
have had a broader knowledge of botany in all its phases. This is reflected 
in the thorough training of his students, many of whom have attained emi- 
nence. His keen and active mind earned the respect and admiration of those 
who worked under him and made him successful as a teacher. 

It is with pleasure and satisfaction that, as the Torrey Club celebrates 
the Seventy-fifth Anniversary of its founding, we congratulate Professor 
Harper on his eighty years of life. 





The portrait of Doctor Harper is published with the assistance of the Lucien M. 
Underwood Memorial Fund. 
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THE ROOTING OF FLOWERS IN STERILE CULTURE' 
CaruL D. La RuE 


INTRODUCTION 


The question of the ability of various organs of the plant to regenerate 
roots and buds has been of theoretical and practical interest for ages. Stem 
cuttings have been used to propagate plants for periods unknown, but cer- 
tainly very long. The recent discovery of the role of growth hormones in root 
production has extended greatly the possibilities of rooting cuttings with 
promising practical results. The author (13) has shown recently that wound- 
ing also stimulates root formation, and this may be a further aid in 
propagation. 

The production of new plants from leaves is current practice for Begonia, 
Saintpaulia, and other species, and Kupfer (7) showed that the leaves of 61 
species could be rooted. She also demonstrated the power of root formation 
in modified leaves such as leaf-thorns, phyllodes, and juvenile leaves. Propa- 
gation from bud scales has been described by several writers and has long 
been practiced by bulb-growers. Kupfer studied this process in the onion 
and several investigators have described it from work on bulbs of other 
species. The author (8) has rooted cotyledons of more than 40 species and 
Sting] (16) was able to root leaves of more than 100 species. In the past 
thirty years a series of papers has appeared describing the regeneration of 
leaves of species too numerous to list here. 

Regeneration of buds on roots has long been known and such plants as 
horseradish probably have been propagated by root cuttings since their 
earliest cultivation. Although much remains to be learned concerning the 
factors which lead to bud formation on roots, regeneration in roots has 
received attention from Véchting (17), Goebel (2), Kupfer (7), Beals (1), 
Graham and Stewart (5), Navlor (14), and numerous others. 

The flower has been regarded usually as an organ specialized for seed 
production and possessed of little capacity for proliferation. The inflores- 
cence also is rarely involved in vegetative reproduction though some plants 
regularly produce bulblets or offshoots of some kind on their inflorescences 
(Ananas sativa, Anthophytum pictum, Furcraea pubescens). This may 
explain why regeneration of root, stem, and leaf has received much attention 
from botanists, whereas the fruit and the flower as organs of vegetative 





1 Papers from the Department of Botany, University of Michigan, No. 727. Grate- 
ful acknowledgement is made to the Division of Biology, Harvard University, for facili- 
ties granted the author during the progress of this study. 
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propagation have received relatively little notice. Goebel (4) cites reports of 
rooting of fruits in the Cactaceae where this phenomenon appears to be of 
rather common occurrence. He also mentions Baillon’s results in rooting 
ovaries of Jussiaea and Martius’ statement that the very large unripe fruits 
of Lecythis produce roots and shoots when planted in the earth. 

Kupfer (7) cites an observation by Carriére that roots were formed on 
a capsule of Lilium speciosum, and from her own experiments describes the 
successful rooting of half-grown pods of the bush bean and of the lima bean. 

Several cases of the rooting of peduncles and inflorescences are known. 
According to Kupfer (7), Beinling observed this in Echeveria, Sorauer in 
Primula, and Hansen in Achimenes. Goebel (2) reported the process in 
Ajuga, Klugea, Naegelia, and Tussilago. Kupfer herself rooted inflorescences 
of Dudleya californica and peduncles of Bryophyllum crenatum and Ruellia 
rosea. Bud formation appears to be less common than root formation on floral 
axes but it is reported by Goebel (3) for Tussilago farfara and by Kupfer 
for Dudleya californica. Graham and Stewart (6) were able to propagate 
new plants from pieces of the head of broccoli. 

The author (10) has investigated the capacity for cell proliferation in 
various tissues of many plants with a view to determining which of these 
contained what Erwin F. Smith (15) called totipotent cells. As a result of 
his observations he made a tentative classification dividing tissues, organs, 
and species of plants into two groups; those highly specialized and those 
which are totipotent or capable of vegetative proliferation and propagation. 
The same idea appears to be widespread among botanists, but the results 
gained by the application of growth substances show that although such a 
classification may have some value in considering plants under normal 
growth conditions, the specialization of tissues and loss of regenerative 
capacity is more apparent than real. 

Stem internodes, in which morphological category the pedicels of flowers 
fall, have been regarded by the author as specialized structures, and flowers 
themselves were thought to be too closely connected with seed production to 
be capable of formation of roots and buds. The technique of growing em- 
bryos and plant fragments in culture (9) seemed to offer a means of testing 
the vegetative activity of flowers under optimum conditions. The present 
study is an attempt to discover to what extent flowers and floral organs are 
capable of regeneration. 

MATERIALS AND METHODS 

Flowers of 12 species of the Monocotyledoneae belonging to 9 genera and 
3 different families were placed in culture on agar. Of the Dicotyledoneae 
80 species of 74 genera and 34 families were cultured. The flowers were 
usually cultured just after opening or just before opening. Young buds 
of several species were cultured but nearly all of these failed to form roots. 
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The flowers were sterilized with bromine water reduced to one-fourth 
concentration (11). They were placed in closed containers, immersed and 
shaken up in the liquid for varying lengths of time. Five minutes proved a 
fairly satisfactory length of time for many species. There was always a ques- 
tion of the tolerance of the structures to the bromine solution. More tolerant 
species were given longer periods of sterilization. In most of the species it 
was impossible to insure a high degree of sterilization without killing the 
flowers, and it was necessary to become reconciled to the loss of most of the 
flowers by the growth of bacteria and fungi. Probably all or nearly all these 
microorganisms were saprophytes which killed the flowers by growing over 
them and smothering them. The results indicate that all healthy plants carry 
on their surfaces a very large number of species of bacteria and fungi. Their 
removal from, or destruction on, the complexly folded and often hairy sur- 
faces of flowers constituted the most difficult part of this work. Hundreds 
of contaminated cultures had to be made to secure a relatively small number 
of cultures either sterile or so little contaminated as to allow the flowers to 
continue life in culture. 

White’s solution (19) of inorganic salts with the addition of 2 per cent 
sucrose but without yeast extract was used as a nutrient. Liquid cultures 
did not give good results, and 0.8 per cent agar was added to the nutrient 
medium to solidify it. No growth hormone was added to the medium used 
for the early cultures, but later indole-3-acetic acid was added, one part 
per hundred thousand. After sterilization the flowers were pressed gently 
on the slanted agar surface. 

All cultures were made in glass bottles of the type known as ‘‘} oz. square 
packers.’’ These bottles were fitted with screw tops of bakelite which endure 
repeated sterilization without damage. When these caps are screwed on 
firmly they prevent loss of water from the agar and they are also effective 
in preventing the entrance of contaminating spores. 

All the cultures were kept at ordinary laboratory temperatures and 
exposed to light from a north window. 


OBSERVATIONS 


Root Formation. Visible roots were produced on flowers of 3 genera of 
2 families of the Monocotyledoneae and of 25 species of 22 genera and 15 
families of the Dicotyledoneae. The species which formed roots and the 
lengths of time required for rooting are given in table 1. 


Extent of Root Development. Root development was limited in the 
greater number of species. Although a number of roots were produced on 
each specimen of many of the flowers (figs. 2, 5), they rarely exceeded 1 em. 
in length. Extensive and apparently normal root systems were formed on 


flowers of Echeveria eximia, Nemesia strumosa, and Kalanchoé globulifera. 
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Effect of Growth Hormones. It is apparent from table 1 that numerous 
species can form roots on flowers in culture without the addition of growth 
hormones. An equal number of species produced roots on flowers in culture 
with the addition of 1 part per 100,000 of indole-acetic acid to the nutrient 
medium. Apparently the time needed for rooting is shorter when indole- 
acetic acid is added. Comparative data are shown for only two species of 
Kalanchoé and the number of individuals was too small to give anything 
more than a suggestion of a possible effect. 


TABLE 1 


Time required for the rooting of flowers in sterile cultures 


Days required for rooting 

Species On nutrient agar 

with indole-3-acetie 
acid 1/100,000 


On nutrient agar 
without hormone 


Asclepias syriaca 22 
Begonia scharffiana 45 
Begonia schmidtiana 9 
Calendula officinalis 27 
Caltha palustris 13 
Echeveria eximia 25 
Epilobium angustifolium 12 
Euphorbia splendens 12 
Forsythia suspensa 91 
Freesia refracta 14 
Helianthus annuus 24 
Impatiens balsamina 41 
Kalanchoé globulifera 33 10 
Kalanchoé sp. 15 8 
Nemesia strumosa 19 
Nerium oleander 14 
Radicula aquatica 12 
Radicula armoracia 14 
Reinwardtia indica 71 
Saxifraga sarmentosa 15 
Sedum spectabil 25 
Swainsonia galegifolia 36 
Taraxacum officinale 26 
Tradescantia paludosa 10 
Viburnum carlesii 174 
Vinea rosea 36 
Zebrina pendula 34 14 


Considering the widespread interest in the effect of plant-growth hor- 
mones on the production of adventitious roots of a great variety of plants, 
it is desirable to know the efficacy of these substances in the production of 
roots on flowers. Several attempts were made to secure adequate data but 
these have failed completely because, either the sterilization was so severe 
as to kill all the flowers, or was so ineffective as to allow contamination by 
microorganisms to spoil the experiments. Since it appears that this is a 
special problem in itself, it has been given up for the present. 
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Position of Roots. Roots have usually appeared on the pedicels of the 
flowers but in several species where the flowers were removed from their 
pedicels roots grew out from the bases of the ovaries. This was true of 
Kalanchoé globulifera, Impatiens balsamina, Freesia refracta, and Trades- 
cantia paludosa (fig. 1). In Helianthus annuus, Calendula officinalis, and 
Taraxacum officinale a single root always grew out from the vascular bundle 
at the base of the ovary. 


Polarity. Complete polarity was shown by all the specimens. Roots 
developed at the bases of the pedicels (figs. 1, 2) or if pedicels were lacking 
the roots grew out from the bases of the ovaries. In relatively long pieces of 
pedicel of Begonia (fig. 5) roots formed along the whole length of this organ. 


Longevity of Tissues. A surprising result of culturing flowers and 
pieces thereof is the great longevity of the tissues, an account of which has 
been published (12). Whole flowers, pieces of petal, 0.5 mm. x1 mm., and 
stamen hairs of Tradescantia paludosa have remained alive for a whole year. 
Flowers of many species have survived for months although they usually 
become considerably discolored. In spite of a widespread and erroneous 
account in the public press to that effect, ‘‘cut flowers’’ have not been kept 
**nerfectly fresh and beautiful’’ in these cultures. 


Abscission of Parts. In general the parts of flowers remained intact in 
culture but abscission of parts appeared in certain species. The pedicels 
abscised from Gasteria after 11 days. Corollas of full-grown flowers of 
Nerium oleander abscised after 13 days and those of buds only one-fourth 
grown separated from the flowers after 18 days. Petals of Jasminum fruti- 
cosum abscised after months in culture. In Helianthus and Calendula the 
the ovaries separated from many of the flowers after a period of three months 
in culture. 


Bud Formation. Bud development was seen in only two species, 
Nemesia strumosa and Kalanchoé globulifera. In Nemesia the buds arose 
at the bases of the ovaries and were suspected of being preformed rather 
than regenerated buds. In Kalanchoé, however, the buds developed on the 
cut ends of pedicels and undoubtedly arose by true regeneration. 


Propagation of Plants from Flowers. The new buds of Nemesia devel- 
oped on flowers with extensive root systems. They grew out rapidly and 


formed normal but frail plants which grew to a height of about 6 centi- 
meters. They were transplanted to earth and kept under bell jars to prevent 
wilting ; but they all soon succumbed to damping-off fungi. Aside from their 
small size they appeared different in no way from plants grown from 
stem cuttings. 








€ 
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Fic. 1, Rooted bud of Tradescantia paludosa. Fic. 2. Flower of Kalanchoé globuli- 


fera with bulbil at base and numerous roots. 


Fig. 3. Petal of Epilobium angustifolium 


with three roots. Fic. 4. Petals of Epilobium angustifolium with roots. Fie. 5. Pedicel 


of Begonia scharfiiana with numerous roots. 
photographs. ) 


(Figures drawn by Thomas Cobbe from 
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The Kalanchoé buds were exceedingly small and grew slowly. Good root 
systems developed (fig. 2), and the tiny plants were transferred to earth. 
The flower buds withered away, tiny leaves appeared, and the plants showed 
every sign of being able to continue growth when they were all lost through 
oversight in watering the greenhouse. 

The dependence of root upon shoot was seen in the superior development 
of roots on the flowers which had developed leaf buds. However, extensive 
root systems were developed on flowers of Kalanchoé globulifera and 
Echeveria eximia which had not produced buds. 


Intumescences. The sepals of tomato invariably produced intumes- 
cences over their entire upper surfaces in culture. Similar outgrowths were 
frequently seen on ovaries of Freesia refracta, Passiflora biflora, Kalanchoé 
globulifera, Rheinwardtia indica, and Impatiens balsamina. 


Callus Formation. Callus formation was infrequent on flowers. It was 
seen on petals and stamens of Hibiscus rosa-sinensis, on bases of detached 
involucral bracts of Calendula officinalis, and rarely on the cut bases of 
pedicels of Kalanchoé globulifera. 


Bulbil Formation. In numerous instances the bases of pedicels became 
swollen to three or four times their original diameter so that a spherical 
bulbil was formed at the base of each. This occurred without reference to 
root formation although these structures were most frequent in Kalanchoé 
globulifera (fig. 2) and Echeveria eximia, species which readily produced 


roots. 


Growth of Floral Organs in Culture. Immature flower-buds in culture 
never grew to full size and in general it appeared that practically no growth 
took place in any of the flowers except in an irregular fashion. Such irregu- 
lar growth was common and manifested itself in the curling of petals in 
Freesia refracta, Epilobium angustifolium, Tulipa gesneriana, Hibiscus rosa- 
sinensis, Althaea rosea, and Tradescantia paludosa. Twisting of stamens 
occurred in Hibiscus rosa-sinensis and Althaea rosea. Twisting and curling 
of sepals took place in Tulipa gesneriana and Tradescantia paludosa. 


Fruit Development. Fruits developed from flowers of several species. 
Tomato fruits increased in size fivefold, and fruits of Kalanchoé rotundifolia 
developed to practically full size, though the seeds inside them contained no 
embryos. Forsythia suspensa fruits, whether rooted or not, remained alive 
in culture a full year and reached almost their maximum size. Caltha fruits 
grew to about one-half normal size and burst open, exposing undeveloped 


ovules. 
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Rooting and Development of Parts of Flowers. Flowers of a number 
of species were dissected and the parts put on agar. Although many of these 
survived in culture for months the only result from most of them was a 
noticeable amount of twisting and curling especially frequent in petals and 
stamens. 

However, detached ovaries of Asclepias syriaca and of Radicula aquatica 
formed roots at their bases and the very small petals of Epilobium angusti- 
folium formed roots at their bases within two weeks on nutrient agar con- 
taining indole-3-acetic acid. Usually a single root was formed (fig. 4), but 
several produced two roots, and one petal grew three prominent roots 
(fig. 3). This is remarkable when one considers the fragility, small size, and 
short life of these structures on the plant. None of these roots became more 
than 2 em. long. 

Ovules of several species were placed in culture on agar and in liquid 
media. Those of Erythronium americanum increased noticeably, producing 
irregular and twisted growth of their seed coats. Most of them quadrupled 
their original size. Snapdragon ovules produced an extensive mass of callus- 
like tissue all over their surfaces, apparently much more voluminous than 
White (18) secured in his cultures of the same objects. Although these ovules 
remained alive for months, growth in them did not continue. 


DISCUSSION 


Apparently the ability of plants to form roots on their flowers is wide- 
spread and from the results secured it is difficult to see that any one family 
is especially favored in this respect. It is possible that root primordia were 
formed on other flowers but did not emerge. Sections were not made to deter- 
mine whether or not this was true. 

It does not seem worth while to list the species which have not rooted in 
culture, for it is not certain that they will not root under proper conditions. 
The greater number of cultures were ruined by contamination before suffi- 
cient time had elapsed for root formation. Jasminum fruticosum is a species 
which appears difficult to root since numerous cultures of this remained 
sterile for months without producing roots. 

The tomato also was tried repeatedly without result though the plant 
as a whole is regenerative to a high degree. 

The absence of the Cactaceae in the list of flowers rooted may seem curi- 
ous in view of the fact that cactus fruits of several species are known to 
root naturally in the open. A number of species of several genera were tried 
in culture, but could never be sterilized. Dr. Elzada Clover of the Depart- 
ment of Botany of the University of Michigan reports success in rooting 
flowers of a number of species of Cactaceae in sand. 

The inability of the flower to produce roots is apparent rather than real, 
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and the reasons this inability previously appeared to exist are: 1, that flowers 
are seldom found in contact with a moist substratum; 2, that they do not 
survive long enough to enable roots to be formed; and 3, that they are too 
small to contain a sufficient supply of food to induce regeneration. Fruits 
and flowers of the Cactaceae often fulfill these requirements, and so do the 
fruits of Leeythis which are very large structures often as much as 25 em. 
in diameter. 

In culture flowers are under optimum conditions so far as moisture is 
concerned ; the medium supplies an adequate source of food and in some 
unknown way the life of the cells is prolonged (12) to an extraordinary 
degree so that time is given for root formation. 


SUMMARY 


1. Tests for regeneration on nutrient agar were made on flowers of 12 
species of the Monocotyledoneae belonging to 9 genera and 3 families, and 
on 80 species of 74 genera and 34 families of the Dicotyledoneae. 

2. Roots were produced on flowers of 3 genera of .2 families of the Mono- 
cotyledoneae and of 25 species of 22 genera and 15 families of the Dicotyle- 
doneae. 

3. It is concluded that the apparent lack of regeneration in flowers is 
clue to: 1, their short life which does not allow time for root or bud forma- 
tion; 2, their position which does not allow them contact with moist sub- 
strata; and 3, their lack of a sufficient food supply. 

4. The conditions needed by flowers for regeneration are supplied by 
placing them in sterile culture on nutrient agar. In addition to supplying 
moisture and food the cultural conditions prolong the life of the flowers to 
an extraordinary degree and allow them time for regeneration. 

DEPARTMENT OF BoTtaNy, UNIVERSITY OF MICHIGAN, 

ANN ArRBor, MICHIGAN 
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SPECIFICITY OF PYRIDOXINE FOR 
CERATOSTOMELLA ULMI 


WituiAM J. Roppins AND Roperta Ma 


In an earlier paper (8) we reported that Ceratostomella ulmi had a com- 
plete deficiency for pyridoxine. This organism did not grow in a basal min- 
eral-dextrose medium containing asparagine unless pyridoxine was added. 
How specific is this response? Can the effect of pyridoxine on C. ulmi be 
produced by nearly related compounds? 


METHODS AND MATERIALS 


An isolation of C. ulmi derived from a single conidium was grown at 
20° C in 125 ml. Erlenmeyer flasks with 25 ml. quantities of a basal mineral- 
dextrose containing asparagine.' Dry weights were determined by filtering 
through a Gooch erucible and drying at 100° C. The organism was grown 
also on sloped agar in test tubes containing 8 ml. of the basal medium solidi- 


fied with 1.5 per cent purified agar (7). The twelve analogs tested were sup- 
plied through the courtesy of Merck and Co. The identification numbers and 
names of the analogs were as follows: 


No. 1421 Hydrochloride of triacetate of vitamin B,. 

No. 1422 Hydrochloride of diacetate of vitamin Bg. 

No. 1442 Hydrochloride of B-methy] ether of vitamin Bg. 

No. 1443 Hydrochloride of 2,4,5 trimethyl-3-hydroxypyridine. 

No. 510 ~~ Laetone of 2-methy1-3-amino-4-hydroxymethy1-5-carboxypyri- 
dine. 

No. 511 Lactone of 2-methyl-3-hydroxy-4-hydroxymethy]-5-carboxy- 
pyridine. 

No. 1029 2-methy]l-3-amino-4-hydroxymethyl-5-aminomethyl pyridine 
dihydrochloride. 

No. 1030 2-methyl-3-hydroxy-4-ethoxymethyl-5-hydroxymethyl — pyri- 
dine hydrochloride. 

No. 1031 2-methy]-3-amino-4-ethoxymethyl-5-aminomethy] pyridine di- 
hydrochloride. 

No. 1032 2-methyl-3-hydroxy-4,5-epoxydimethyl pyridine hydrochlo- 
ride. 

No. 1797 Hydrochloride of 2,4-dimethyl-3-hydroxy-5-hydroxymethy! 
pyridine. 

No. 3882 2-ethyl-3-hydroxy-4,5-bis-(hydroxymethyl)-pyridine | hydro- 
chloride. 

1 This solution contained per liter 50 g. dextrose, 1.5 g. KH,PO,, 0.5 g. MgSO,- 7H,O 


and 2 g. asparagine plus the following trace elements in p.p.m.: 0.005 B, 0.02 Cu, 0.1 Fe, 
0.01 Ga, 0.01 Mn, 0.01 Mo and 0.09 Zn. 


342 





1942] ROBBINS AND MA: SPECIFICITY OF PYRIDOXINE 343 


Pyridoxine and its analogs were added in millimicromoles (ny moles) 
per tube or per flask in order that their relative effectiveness could be com- 
pared on a molar basis. All glassware was cleaned with chromic-sulfurie 
acid cleaning mixture. Since cotton batting had been found to contain appre- 
ciable amounts of pyridoxine (8) flasks and test tubes were stoppered with 
washed cotton. This precaution was probably unnecessary as the few strands 
of cotton which fell in the medium in a flask or test tube plugged with 
unwashed cotton were not observed to have any effect on the growth of 
C. ulmi. All solutions were sterilized in an autoclave at 15 lbs. pressure for 
20 minutes. 


EXPERIMENTAL RESULTS 


Quantity of Pyridoxine and Growth of C. ulmi. Before the effect of 
the analogs of pyridoxine could be compared with that of pyridoxine itself, 
it was necessary to determine the response of C. ulmi to different amounts 
of pyridoxine. Both liquid and agar media were used. 

The dry weight produced at 20° C in 25 ml. of the basal liquid medium 
in 125 ml. Erlenmeyer flasks in a period of 14 or 20 days was approximately 
the same in the presence of 5, 10, 25, or 50 my moles of pyridoxine per 
culture (table 1). A marked decrease in growth occurred when the quantity 


TABLE 1 


Effect of pyridoxine on growth of C. ulmi in mineral-dextrose solution 
containing asparagine 


Dry wt. per culture mg. 
Additions to 25 ml. of basal solution 


20 days 14 days 
50 mu moles pyridoxine 25.1 
25 mu moles pyridoxine 24.5 
10 mu moles pyridoxine 27.8 
5 mu moles pyridoxine 26.3 
1 mu mole pyridoxine 15.3 15.2 
0.1 mu mole pyridoxine 7.4 6.2 
0.01 mu mole pyridoxine 0.4 
0.001 mu mole pyridoxine 0.1 
None Trace Trace 
0.3 g. malt extract 119.7 


of pyridoxine was reduced to 1 my mole, but the effect of 0.001 my mole was 
measureable. The benefit from 0.0001 my mole could be detected by the eye, 
but the growth was too small to be weighed. The minimum time for maxi- 
mum growth was not determined. It appeared to be between 7 and 14 days. 

The mucilaginous character of the growth of C. ulmi in our medium 
made filtration through Gooch crucibles a slow and time-consuming process. 
An attempt was made to determine the growth photometrically. No difficulty 
was experienced in measuring differences in the growth in the basal medium, 
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and in the same medium containing 1.0, 0.1, 0.01, 0.091, and even 0.0001 my 
mole of pyridoxine. However, the method was not considered entirely satis- 
factory because the mixture of mycelium and veast-like cells which was 
obtained gave a suspension which was not optically uniform. 

On agar slopes of the basal medium plus 1.5 per cent purified agar, little 
difference was noted in the effect of 5, 10, or 25 my moles of pyridoxine per 
tube. Somewhat slower development occurred with 1 my mole, and a marked 
decrease in the thickness of the mat was found with 0.1 mu mole. A definite 
beneficial effect was observed with 0.01 my mole, and a slight effect with 


0.001 mu mole (fig. 1). Because the agar cultures were more simply handled 





Fic. 1. Amount of pyridoxine and growth of C. ulmi on a mineral-dextrose medium 


containing asparagine and 1.5 per cent purified agar, From left to right: 25 mu moles 
pyridoxine, 10 my moles, 5, 1.0, 0.1, 0.01, 0.001 and 0.0. Above, age 8 days; below, age 


17 days. 


than the liquid cultures, a comparison of pyridoxine and its analogs was 
made in the agar medium. 


Effect of Analogs of Pyridoxine. Agar slants were prepared in tripli- 
eate with 5, 2.5, 1.0, 0.5, 0.1, and 0.0 my moles of pyridoxine per tube. Ana- 
logs Nos. 1421, 1422, and 3882 were used in the same amounts. For the other 
analogs 50, 10, 1.0, 0.5, and 0.1 my moles were added per tube. All tubes 


were inoculated from a culture of C. ulmi grown on thiamine-peptone agar. 
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The cultures were examined at from 2 to 4 day intervals over a period of 
more than 3 weeks. 

No. 1421; No difference between the effect of pyridoxine and equi-molar 
quantities of the triacetate was observed when 5, 2.5, 1.0, or 0.5 mu moles 
were used. However, 0.1 my mole was somewhat less beneficial than 0.1 my 
mole of pyridoxine. 

No. 1422: There was no difference between the effect of this compound 
and that of pyridoxine with 5, 2.5, 1.0, 0.5, and 0.1 my mole per tube. 

No. 1442; At the end of 10 days 50 my moles were beneficial, but less so 








Fig. 2. Effect of analogs No. 1030 and 1032 on growth of C. ulmi on a mineral- 
dextrose medium containing asparagine and 1.5 per cent purified agar. From left to 
right: 0.5 my mole pyridoxine, 0.1 mu mole pyridoxine, 50 mu moles analog, 10 my moles 
analog, 1.0, 0.5, 0.1 and no addition. Above, No. 1030; below, No. 1032. 
than 0.1 my mole of pyridoxine (fig. 3). After 23 days 50 my moles were 
less beneficial than 0.1 my mole of pyridoxine, 10 my moles had a slight 
beneficial effect, 1.0, 0.5, and 0.1 my mole had no effect. The activity of com- 
pound No. 1442 for C. ulmi was considered, therefore, to be less than 0.2 per 
cent that of pyridoxine. 

No. 1443; At the end of 6 days 50 my moles had completely inhibited 
growth, 10 my moles gave some inhibition, 1.0 my mole or less had no effect. 
After 23 days there was some inhibition with 50 my moles and very slight 
inhibition with 10; 1 my mole or less had no effect. 
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No. 510 and No. 511; These had no effect, either beneficial or detrimental. 

No. 1029: At the end of 6 days 10 and 50 my moles had completely 
inhibited growth but 1p mole or less had no effect. After 23 days there was 
still nearly complete inhibition with 50 my moles, and some injury with 10. 
This compound was more injurious (perhaps 5 times) than No. 1443. 

No. 1030; At the end of 10 days beneficial effects were noted with 0.5 my 
mole or more of this compound (fig. 2). After 23 days the growth with 50 my 
moles was about equal to that with 0.5 my mole of pyridoxine; 10 my moles 
of the analog were better than 0.1 my mole of pyridoxine; 0.5 my mole was 
better than the check, and 0.1 my mole had no effect. Compound No. 1030 
was between 1 and 5 per cent as effective as pyridoxine. 

No. 1031; At the end of 6 days complete inhibition of growth was ob- 
served with 50 my moles, some injury with 10, and no effect with 1 my mole 
or less. After 23 days 50 my moles had produced some inhibition, 10 my moles 
or less were ineffective. 





Fic. 3. Effect of analogs Nos. 1443 and 1797 on growth of C. ulmi on a mineral- 
dextrose medium containing asparagine and 1.5 per cent purified agar. 1, 0.1 my mole 
pyridoxine ; 2, 50 mu moles analog; 3, 10 my analog; 4, 1 mu mole analog, 5, no addition. 


R, analog No. 1442; K, analog No. 1797. 


No. 1032; After 10 days some benefit was noted with 0.5 my mole, but 
no effect with 0.1 my mole (fig. 2). At the end of 23 days 50 my moles were 
about as beneficial as 1 my mole of pyridoxine; growth with 10 my moles 
was nearly equal to that with 0.5 my mole of pyridoxine; growth with 1 my 
mole was } or less that with 0.1 mp mole of pyridoxine, 0.5 my mole was 
clearly beneficial, and 0.1 my mole slightly. Compound No. 1032 had about 
2 per cent the effectiveness of pyridoxine. 

No. 1797; After 10 days 50 my moles were found to be beneficial, but less 
so than 0.1 my mole of pyridoxine, 10 my moles were better than the check 
and 1, 0.5, and 0.1 my mole were slightly poorer than the check (fig. 3). At 
the end of 23 days the growth with 50 my moles was approximately equiva- 
lent to that with 0.1 my mole of pyridoxine. There was little difference be- 
tween the growth with 10 my moles and that in the check. Growth with 1.0, 
0.5, and 0.1 my mole was somewhat poorer than in the cheek. Compound No. 
1797 had about 0.2 per cent the effectiveness of pyridoxine. 
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No. 3882: This was the most detrimental of all the analogs. At the end of 
6 days some inhibition was observed with 0.5 my mole, nearly complete 
inhibition with 1.0 and 10.0 my moles, and complete inhibition with 50 my 
moles. After 23 days marked inhibition of the spread of colony was still 
evident with 1, 10, and 50 my moles. 


Antagonism between Pyridoxine and Some of its Analogs. Some 
erowth inhibitors and some vitamins have been found to be mutually an- 
tagonistic ; i.e., the injury produced by the inhibitor is reduced by addition 
of the vitamin or the benefit from the vitamin is decreased in the presence 
of the inhibitor. This relation has been found to be important in chemo- 
therapy ; some of the substances used as therapeutic agents are effective in 
reducing growth because of their inhibition of the action of one or more 
vitamins (3). The growth inhibitor may reduce the physiological availability 
of the vitamin by combining with it; the protein, avidin, in uncooked egg 
white combines with biotin and renders it inactive (2). Some inhibitors com- 
pete with the vitamin for the specific enzyme protein (sulfanilamide and 
para-aminobenzoic acid) (12). 

Four analogs of pyridoxine tested in this investigation were found to 
inhibit the growth of C. ulmi to a greater or less extent as shown below. 


Inhibition after 23 days with 


Compound| 


a ‘ z 
50 mu moles | 10 mu moles 1 mu mole 0.5 mu mole | 0.1 mu mole 
| ai co z _ — 
No. 1031 Partial None None None | None 
No. 1443 Partial Slight | None None None 
No. 1029 Nearly complete Partial | None None None 
No. 3882 Nearly complete Partial | Partial None None 


To determine the effect of pyridoxine on the inhibitory action of the 
four analogs, 50 mu moles of each analog were used with 50, 10, 1.0, or 0.0 
mu moles of pyridoxine in the basal medium plus 1.5 per cent purified agar. 
In addition 1.0 and 10 my moles of compound No. 3882 were used with 50, 
10, 1.0, or 0.0 my moles of pyridoxine. 

The inhibitory action of 50 my moles of compounds Nos. 1443, 1029, and 
1031 was overcome with 1 my mole of pyridoxine or, to state it the other 
way, the beneficial action of 1 my mole of pyridoxine was not noticeably 
affected by the presence in the medium of 50 my moles of compounds Nos. 
1443, 1029, or 1031. On the other hand, the inhibition by 50 my moles of 
compound No. 3882 was still evident in the presence of 1 my mole of pyridox- 
ine, but was overcome by 10 my moles of pyridoxine (fig. 4). 


Activity and Chemical Structure. The diacetate (compound No. 1422) 
was as beneficial as equi-molar amounts of pyridoxine. The triacetate (com- 
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pound No. 1421) was nearly equivalent to pyridoxine. A slight difference 
in favor of pyridoxine was noted when the effect of 0.1 my mole of the tri- 
acetate was compared with that of 0.1 my mole of pyridoxine ; the difference, 
however, was slight and should be confirmed before it is considered to be 
significant. It seems probable that the acetates hydrolyze in solution vielding 
pyridoxine which accounts for their activity. 

Of the ten additional analogs tested, none showed more than 5 per cent 
of the activity of pyridoxine; this indicates a high degree of specificity of 
pyridoxine for C. ulmi. As may be noted by comparing the structure of 
pyridoxine and its various analogs as given below a change of a single 


> 


radical in position 2, 3, or 4 (compounds 1030, 1442, 1797, and 3882) was 





IL} 1 2 3 4' Mil 2 3 4 








ig. 4. Mutual antagonism of analog No. 3882 and pyridoxine in mineral-dextrose 
medium containing asparagine and 1.5 per cent purified agar. 1, plus 50 my moles 
pyridoxine; 2, plus 10 mu moles; 3, plus 1 mu mole, 4, no pyridoxine. L, no analog added; 
M, 1 mu mole analog No. 3882; N, all tubes contain 10 mu moles of analog No. 3882; O, 
all tubes contain 50 mu moles analog No. 3882. 


sufficient to reduce the beneficial activity of pyridoxine 95 per cent or more, 
or even turn it from a beneficial compound into one which inhibited growth. 

[It is probably not profitable on the basis of the data available here to 
speculate too widely on the relative importance of the various radicals of 
pyridoxine and how they function. The inactivity of the two lactones, com- 
pounds 510 and 511, which were neither beneficial nor detrimental, suggests 
that the methhydroxy groups in the fourth and fifth positions may be con- 
cerned with attachment of pyridoxine to the enzyme protein. As for those 
analogs which showed some benefit, the possibility of the presence of con- 
taminating traces of pyridoxine should be borne in mind. We have no 
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reason to doubt the purity of the various analogs we used. Nevertheless, it 
must be remembered that one part of pyridoxine as an impurity in 1000 
parts of the preparation of analog No. 1442 we used would have given the 
results obtained. There is also the possibility that contaminants account for 
the inhibition observed with compounds Nos. 1031, 1443, 1029, and 3882, 
though this is not likely because of the antagonism observed between pyri- 
doxine and these compounds. 


Differences in Response of Various Organisms to the Analogs. When 
the results obtained on the effect of the analogs on C. ulmi are compared 
with those obtained with other organisms, it seems clear that differences in 
the response of various organisms exist. 

C. ulmi responded to some of the analogs, much as did the rats reported 
by Unna (4, 11). Unna found compound No. 1030 to have 10 per cent the 
activity of pyridoxine, No. 1442 about 2 per cent, No. 3882 about 2 per cent, 
and No. 1032 less than 2 per cent. We found No. 1030 to be the most favor- 
able of the analogs for C. ulmi, closely followed by No. 1032; No. 1442 was 
the least favorable. On the other hand, No. 3882, which was slightly active 
for rats, inhibited the growth of C. ulmi. No. 1797, which was inactive for 
rats, had some activity for C. ulmi. Moller, Zinna, Jung, and Moll (5) 
reported compound No. 1797 to have about 2 per cent the activity of 
pyridoxine for Streptobacterium plantarum (B. acetylcholini). The diace- 
tate and triacetate (No. 1422 and No. 1421) were as active as pyridoxine for 
C. ulmi, rats (11), and excised tomato roots (9), but Bohonos, Hutchings, 
and Peterson (1) found the triacetate inactive for Lactobacillus lactis. 

The differences in response of excised tomato roots and C. ulmi to some 
of the analogs is of interest. For example, compound No. 1030, which was 
from 1 to 5 per cent as active as pyridoxine for C. ulmi, was quite injurious 
to tomato roots (9). Compound No. 3882, which inhibited the growth of 
C. ulmi, was as beneficial as pyridoxine for excised tomato roots.? The bene- 
ficial effect of No. 3882 on excised tomato roots was confirmed by a further 
experiment not reported in the earlier paper. In this experiment the same 
sample of No. 3882 was used with tomato roots and with C. ulmi. It proved 
beneficial to the former and detrimental to the latter. 

This difference in the response of tomato roots and C. ulmi to compound 
No. 3882 raises the question as to whether the same difference might not 
exist between Ulmus americana and C. ulmi. If it does, might not compound 
No. 3882 be worth investigating as a possible therapeutic agent for the Dutch 
elm disease? In this connection it would be desirable also to test compounds 

2Compound 3882 was even more effective than pyridoxine on excised tomato roots 
when 1 or 2 mp moles were used per culture. The growth with 10 or 50 my moles of the 
analog per culture was slower than with equi-molar quantities of pyriodoxine, but at the 
end of two months had reached the same level. No evidence of toxicity was observed. 
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in which the methyl radical of pyridoxine in the second position on the 
pyridine ring had been replaced with a propyl, butyl, or other radical. Per- 
haps a compound more injurious to C. ulmi than the ethyl pyridoxine and 
relatively innocuous to higher plants could be found. 


Effect of Factors Z, and Z, on C. ulmi. In an earlier paper (8) we 
pointed out that although (C. ulmi suffered from a complete pyridoxine defi- 
ciency, it appeared in addition to have partial deficiencies for one or more 
unidentified factors. This followed because greater growth occurred with 
the addition of malt extract to the medium than was obtained by the addition 
of eleven vitamins, including pyridoxine, and twenty-one amino acids. We 
have tested the activity of hypoxanthine and a Dx, fraction*® from potato 
tubers on the growth of C. ulmi in the presence of pyridoxine. Hypoxanthine 
(factor Z,) (10) was not beneficial. The Dz fraction (containing factor Z.) 
was decidedly beneficial. Between three and four times as much growth was 
obtained on the basal agar medium plus pyridoxine and the D, fraction 
as on the agar medium plus pyridoxine alone. It appeared, therefore, that 
C. ulmi in the presence of pyridoxine suffered from a partial deficiency of 
factor Zo. 


SUMMARY 


The effect of twelve analogs of pyridoxine on the growth of Cerato- 
stomella ulmi was determined in agar culture. The diacetate and triacetate 
of vitamin B, were as beneficial as pyridoxine. Four of the ten additional 
analogs had 5 per cent or less of the beneficial activity of pyridoxine, two 
were inactive, and four inhibited growth to a greater or less extent. Pyridox- 
ine was found to antagonize the detrimental analogs. The possibility of inves- 
tigating analogs of pyridoxine as an aid in controlling the Dutch elm disease 
is briefly discussed. 

THe New York BoranicaL GARDEN 
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DEPARTMENT OF BoTAaNy, COLUMBIA UNIVERSITY 
New YORK 
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INTERMITTENT GROWTH OF FRUITS OF CYPRIPEDIUM 
AND PAPHIOPEDILUM. A CORRELATION OF THE 
GROWTH OF ORCHID FRUITS WITH THEIR 
INTERNAL DEVELOPMENT 


RosBert E. DUNCAN AND JOHN T. CURTIS 


Study of the growth of fruits of Phalaenopsis lead the authors (1942) to 
conclude that the three phases of growth in diameter which they found are 
respectively associated with proliferation of the placentae and the initiation 
of rudiments, maturation of the macrogametophytes, and growth of the em- 
bryos. Each two phases of growth in diameter are separated by a period of 
slower growth, at the first of which macrosporogenesis takes place and at the 
second, fertilization. The growth in length of the ovary of Phalaenopsis is 
marked by a major phase which concludes at the time of fertilization and 
possibly by a second at the time of embryo growth. Since ovules containing 
macrospore mother cells and a considerable cavity are present at the time of 
pollination in the ovaries of the four genera of the lady slipper orchids 
(Cypripedium L., Paphiopedilum Pfitz., Phragmipedium Rolfe, and Seleni- 
pedium Reichb. f.) the authors suggested that three phases of growth in 
diameter would be difficult, perhaps impossible, to find. 

Hildebrand (1863) found that the ovules of Cypripedium calceolus at the 
time of pollination are rudimentary since their funiculi are only somewhat 
bent and they show just the beginnings of the inner integuments which, in 
unpollinated flowers, grow but slightly until the wilting of the perianth. 
Four days after pollination the ovules are all inverted ; twelve days later the 
pollen tubes have reached the placentae and the inner integuments have 
grown over the nucelli. Fifteen days later (thirty-one days after pollination) 
the embryo sacs are maturing and within the next four or five days fertili- 
zation takes place. Hildebrand observed that the ovary increases in diameter 
by about one-fourth. His observations on Cypripedium parviflorum are not 
so complete; at least the earlier stages are similar in periodicity to those in 
(’. calceolus. 

Carlson (1940) in a study of seed development in Cypripedium parvt- 
florum presented a schedule of events that greatly resembles that given by 
Hildebrand for C. calceolus with the exception that the various changes are, 
perhaps, slightly speedier. She found fertilization takes place from twenty- 
six to thirty-three days after pollination. 

Guignard (1886) worked with tropical forms: Cypripedium barbatum 
(Paphiopedilum barbatum), C. veitchianum (P. superbiens), and C. punce- 
tatum, whose identity and habitat the authors do not know. Guignard found 
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these forms to be slower in development than (C. calceolus, the temperate spe- 
cies with which Hildebrand (1863) worked. In general the period of time to 
elapse between pollination and fertilization is three or four months. Pace 
(1907) commented that the macrospore mother cells persisted for a long time 
in the ovules of the cultivated lady slipper orchids (Paphiopedilum). 


METHODS 


On May twenty-fourth, 1941, ten flowers of Cypripedium pubescens 
Willd., the large yellow lady slipper, were pollinated. The growth in length 
and diameter of the ovary of each flower was measured weekly with calipers 
to one-tenth millimeter at points, marked with India ink, designating respec- 
tively the greatest diameter at the time of pollination and the bottom and 
top of the ovary as shown by the termination of the superficial grooves. 

The ovary of one flower of the series was fixed in Randolph’s modification 
of Nawashin’s fluid at the end of each of the first seven weeks. These fixed 
ovaries were imbedded and sectioned to study the internal changes. The 
remaining ovaries were measured at weekly intervals for six more weeks. 

Likewise on May twenty-fourth two flowers of x Cypripedium andrewstt 
Fuller, Andrew’s lady slipper, were pollinated. The growth of the ovaries 
was not measured but the stages of internal development were studied 
throughout the first two weeks. 

On June second, 1941, several flowers of Cypripedium reginae Walt., the 
showy lady slipper, were pollinated. The growth of the ovary was followed in 
much the same fashion as for C. pubescens with the exception that no study 
was made of the internal development. These fruits were measured for nine 
weeks. 

In addition to the two species and one hybrid belonging to the genus 
Cypripedium, all of which are forms native to the Madison area and were 
growing outdoors, three species and one hybrid belonging to Paphiopedilum, 
an Indo-Malayan genus containing the lady slipper orchids of cultivation, 
were studied. They were P. villosum (Lindl.) Pfitz. in the Botany greenhouses 
of the University of Pennsylvania at Philadelphia, P. fairieanum (Lindl.) 
Pfitz., P. bellatulum (Reichb. f.) Pfitz., and x P. maudiae (a hybrid between 
P. callosum var. sanderae and P. lawrenceanum var. hyeanum, first flowered 
in 1900 by Charlesworth and made repeatedly since that time) all in the 
greenhouses of Dr. C. K. Schubert at Madison, Wisconsin. Ovaries of P. 
villosum were removed for study of internal development seven, fourteen, 
twenty-one and twenty-eight weeks after pollination; ovaries of x P. 
maudiae and P. fairieanum, at irregular intervals. In each of these four 
studies the circumference rather than the diameter was measured. 


RESULTS 


The graph presenting the growth of a fruit of Cypripedium pubescens 
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Increment curves of growth in diameter of Cypripedilinae fruits. 
pubescens (41.1 per cent seeds possessing embryos). 


(58.8 per cent seeds possessing embryos). 


possessing embryos). 
6. x 


Fic, 5. P. villosum (32.3 per cent seeds possessing embryos). 


Fic. 2. Cypripedium 


Fic. 3. Paphiopedilum bellatulum 


Fic. 4. P. fairieanum (63.0 per cent seeds 


Fie. 


P, maudiae (percentage of seeds possessing embryos not determined). 


end of the fourth week. The growth of fruits of C. reginae showed a similar 


periodicity. 
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An ovule of C. pubescens at the time of pollination possesses a distinct 
macrospore mother cell and the rudiments of the inner integument; the 
funiculus is generally somewhat bent. By the end of the first week the 
funiculus has completed a curvature of about ninety degrees, the inner 
integument has grown approximately one-half way over the nucellus, and 
occasionally the rudiments of an outer integument can be detected. The 
nucleus of the macrospore mother cell has enlarged and is in an early 
prophase of the first of the reduction divisions. There is some variation 
from ovule to ovule; the most frequently observed stage is leptonema. 

At the close of the second week pollen tubes are growing in the ovary 
cavity, the majority lving behind the placentae but the tips of a few growing 
over the branches of the placentae. The ovules have completed their inversion. 
The nucellus is completely covered by the inner integument, which in turn 
is sheathed for one-half its length by the outer integument. The majority 
of the macrospore mother cells are in various later stages of the first of the 
reduction divisions. In a few cases metaphase of the second of these divisions 
and even binucleate macrogametophytes have been observed. Over this period 
of time, which is as far as studies on x C. andrewsti were carried, the develop- 
ment of the ovules in x C. andrewsvi and C. pubescens are exactly parallel. 

During the third week the outer integument of the majority of the ovules 
grows out until it has nearly reached the apex of the nucellus. Most of the 
pollen tubes are growing over the placental extremities. Almost all the ovules 
contain macrogametophytes of varying degrees of complexity from 
binucleate to practically mature. At the close of the fourth week most of the 
macrogametophytes are mature; in some fertilization has taken place. At 
the close of the following week few-celled embryos are present in some ovules, 
although zygotes are more common. When the ovule contains a young embryo, 
it is decidedly elongated. Throughout the next two weeks in which the in- 
ternal changes were followed the embrvos grew in size and the masses of 
pollen tubes disappeared from the ovary cavity. No growth in diameter was 
detected after the eighth week. The ripening of the seed was not followed. 

The fruit wall does not change enough in thickness, while the ovary is 
maturing, to account for any appreciable amount of the increase in diameter 
of the fruit. The increase is mainly in the amount of ovary cavity which is 
provided by the periclinal elongation and enlargement of the cells of the 
ovary wall. No division figures were found in any of these cells. 

The graphs portraying the increments of growth in diameter of the 
ovaries of Paphiopedilum bellatulum (fig. 3), P: fairieanum (fig. 4), P. 
villosum (fig. 5), and x P. maudiae (fig. 6) all posses two phases. 

Seven weeks after pollination the ovules of Paphiopedilum villosum vary 
from those containing macrospore mother cells in some phase of meiosis 
through those having early macrogametophyte stages. Fourteen weeks after 
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pollination zygotes are present in the ovules; after twenty-one weeks the 
seeds are distended by the embryos within but are not mature. The seeds from 
the twenty-eight-weeks-old fruit are capable of germination although the 
fruit is not ripe. 

Both Paphiopedilum fairieanum and x P. maudiae possess ovules with 
slightly bent funiculi and with the beginnings of inner integuments at the 
time of pollination. One hundred days after pollination the ovules from a 
fruit on one plant of x P. maudiae are inverted, the nucellus of each being 
cloaked with the inner integument and the beginning of the outer, and the 
macrospore mother cells being in some stage of reduction division. Thirty- 
seven days later a fruit from another plant contains immature seeds. Figure 
6 illustrates the fact that the development of fruit on various plants of x P. 
maudiae of different origin vary considerably, particularly in concluding the 
first phase of growth and the amount of growth taking place throughout 
the second phase. Crosses within x P. maudiae generally result in a low 
percentage of viable seeds. 


DISCUSSION 


While the ovary of Cypripedium pubescens is in the first of its two 
phases of growth in diameter and its only detected phase of growth in length, 
the ovules are passing from the stage in which they possess macrospore mother 
cells to one in which they possess mature macrogametophytes. Following this 
growth phase there is a well-nigh complete cessation of growth in both length 
and diameter. During this period fertilization is taking place at its maximum 
rate; at its close ovules containing zygotes or few-celled embryos are found. 
While the embryos are growing rapidly and the ovules have elongated im- 
mediately after fertilization, the second phase of growth in diameter occurs. 
These statements are likewise true for the forms of Paphiopedilum studied. 
In Phalaenopsis a second phase of growth in length, of small extent, is some- 
times detected. 

Phalaenopsis has three phases of growth in diameter, these phases having 
to do with placental proliferation and ovule rudiment initiation, preparation 
of the ovule for fertilization, and seed maturation. Macrosporogenesis occurs 
during the period of decelerated growth between the former two, and fer- 
tilization at a similar time between the latter two. The effect of the growth 
regulatory substances present in the pollen is added to the first growth phase. 
In Cypripedium macrospore mother cells are present at the time of pollina- 
tion, a process which immediately initiates a phase of growth in both length 
and diameter. Hence macrosporogenesis, which in Phalaenopsis occurred 
during a period of relatively little growth, takes place during the first growth 
phase in Cypripedium and Paphiopedilum. This phase culminates when 
the ovules are ready for fertilization which occurs in Cypripedium, just as 
in Phalaenopsis, during a period of decelerated growth of the ovary. Thus 
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Cypripedium meets the authors’ expectation that only two phases of growth 
in diameter would be present. The observations of Tukey (1933) on cherry 
point out, as far as internal development is concerned, the presence of two 
phases of ovary changes prior to the opening of the flower. These are a 
gradual growth of both ovary and ovules up to fourteen days before full 
bloom and a grand phase of ovule growth up to the time of full bloom. Polli- 
nation takes place while the ovules are developing rapidly. Macrospore 
mother cells are present at the close of the first phase; during the second 
the macrogametophytes mature. It is interesting to note that a flower of 
Cypripedium or Paphiopedilum opens at a stage, relative to its internal de- 
velopment, that compares with the comparatively quiescent state which an 
ovary of Phalaenopsis reaches after completing the first phase of its growth. 

The type of flower found in Phalaenopsis and many other tropical orchids 
which are in full bloom when the placentae have reached a stage short of 
proliferating, the type found in Paphiopedilum, Cypripedium, and many 
genera of temperate orchids (Hildebrand 1863) whose perianth expands 
when macrospore mother cells are present in the ovules, and the more fre- 
quent Angiosperm type in which ovules are mature or almost mature at the 
time of flower expansion form a series in which the authors believe that three 
major types of development subsequent to pollination can be recognized. In 
the tvpe to which Phalaenopsis belongs three phases of growth in diameter 
will be found; in the type to which the Cypripedium complex belongs, two; 
and in the more usual Angiosperm type, one. Each phase immediately fol- 
lowing pollination is compounded with a pollination effect which may or 
may not be recognizable. After fertilization the breaks in the growth curves, 
such as are found in drupaceous fruits, are modifications of the last phase of 
growth. The slightly bimodal curve for the first phase of growth in diameter 
of Phalaenopsis schilleriana as determined by the authors (1942) indicates 
that at least the first major phase of growth in diameter likewise may be 
modified. 

SUMMARY 


The ovaries of both Cypripedium and Paphiopedilum possess two phases 
of growth in diameter and one in length. The first phase of growth in diam- 
eter and the phase of growth in length take place while the ovules are ma- 
turing prior to fertilization. The second phase of growth in diameter takes 
place while the embryos are growing most rapidly. Fertilization takes place 
at a time when growth of the ovary has almost ceased. 

DEPARTMENT OF Borany, UNIVERSITY OF WISCONSIN 

MApIson, WISCONSIN 
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STUDIES ON THE EMBRYO OF HORDEUM SATIVUM-—II. THE 
GROWTH OF THE EMBRYO IN CULTURE 


JAMES MERRY 


INTRODUCTION 

In a preceding paper (Merry 1941) the development of the embryo of 
Hordeum was described and the morphology of the embryo was interpreted, 
in part, from plants which had been grown from young embryos of various 
ages. The cultured plants themselves were not described and it is proposed 
to give here an analysis of the growth of the embryos in culture. Embryos 
of various ages were transferred to an artificial medium, and at five-day 
intervals, over a period of a month, one or two plants of each age group were 
removed from culture. These plants were studied histologically and com- 
pared with normal embryos of the same age as those from which they were 
grown. The plants from different ages of embryos were compared in size and 


in the degree of differentiation. 


HISTORICAL SURVEY 

Many workers have grown excised embryos of plants on artificial media, 
for a variety of reasons. Bonnet (1754), Stingl (1907), Dubard and Urbain 
(1913), Buckner and Kastle (1917), and Andronescu (1919) grew isolated 
embryos of mature seeds in order to show that they could germinate inde- 
pendently of the rest of the seed, particularly of the stored food. Bonnet 
was the first to study the germination of embryos from which the cotyledons 
had been detached; he worked with Phaseolus multiflorus. Buckner and 
Kastle (1917) grew mature embryos of lima bean with the cotyledons re- 
moved. Stingl (1907) found that the mature embryos of certain species of 
grains, when transferred to the endosperm of other species, grew as well as 
or better than when put on the endosperm of the same species. Dubard and 
Urbain (1913) coneluded that seedlings could be grown from isolated em- 
bryos of seeds with abundant endosperm, but that, in seeds in which the 
food was stored in cotyledons, removal of these prevents the development 
of the seedling. Andronescu (1919) found that plants grown from excised 
corn embryos would grow to maturity, but that the plants were smaller and 
had fewer leaves and ears than plants from whole grains. Essenbeck and 
Sussenguth (1925) grew excised embryos of mature corn grains to study 
the enzymes in the germinating embryos. Hannig (1904), Dietrich (1924), 
White (1932), and La Rue (1936) grew embryos from immature fruits of 
various ages largely to determine its feasibility and to discover how small 
an embryo could be grown in culture. They found that the embryos grew 


360 





19 


in 
th 
Ww 
ni 
th 
of 
en 
th 
of 
de 
gr 
pl 
sa 
gr 
br 


en 


we 
ho 
ple 
Sh 
Hi 
ho 
an 
we 
to 

da: 
to 

on 
ing 


ser 


in 

tio: 
roc 
we 
ant 





ee 
—— a a 


1942] MERRY: EMBRYO OF HORDEUM 361 


into small plants rather than continuing to develop as embryos, and that 
the smallest embryos used did not grow at all. This minimum size varied 
with the kind of plant used. Tukey (1933) and others have used this tech- 
nique to obtain plants which cannot be grown from mature seeds. In using 
the method for this purpose some of the workers have not removed the parts 
of the ovule surrounding the embryo, since it was only desired that the 
embryo germinate and produce a plant. Tukey (1938) has also developed 
this technique as a method for testing the viability of seeds, and for the study 
of embryos of certain fruit trees. La Rue and Avery (1938) studied the 
development of excised embryos of Zizania in culture and compared their 
growth with that of the embryo in normal development. They described the 
plants after five days in culture and compared them with embryos of the 
same size as those from which the plants were grown. They found that the 
growth of the scutellum and the epiblast was arrested, and that small em- 
bryos took longer to reach the ‘‘seedling stage’* than large ones. The smallest 


embryos did not reach the seedling stage at all. 


MATERIAL AND METHODS 


The material was the same as that used in the first paper of this series 
(Merry 1941). Heads whose age after fertilization had been determined 
were used. Two or three ovules were removed and fixed for the study of 
normal embryos. The embryos were removed from the remaining ovules and 
placed in Petri dishes on 0.8 per cent agar containing 2 per cent sucrose and 
Shive’s solution R582 (Miller 1931) diluted to one-fifth. According to 
Harlan and Pope (1926), ‘‘if the florets of the four basal and four terminal 
nodes are discarded, the remaining kernels are of the same age.’’ These basal 
and terminal florets were not used and the embryos of the remaining florets 
were found to be very nearly of the same age, which was determined only 
to within a day. The cultured embryos were usually transferred after five 
days and one or two of them killed and fixed at that time unless it was desired 
to save the culture for later stages. Usually there were enough embryos in 
one head to supply one or two plants every five days for a month, thus giv- 
ing a developmental series of plants for that particular age of embryo. Such 
series of plants were obtained from embryos of many different ages. 

The embryos and cultured plants were cleared and mounted temporarily 
in xylene and drawn for record purposes. They were then embedded, sec- 
tioned, and stained as described by Merry (1941). Large structures such as 
roots and leaves were measured directly with a ruler. Other measurements 
were made with a microscope and ocular micrometer from temporary mounts 
and sections. 


DESCRIPTION OF RESULTS 


In the description which follows, after a brief description of the growth 
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of the cultured embryo as a whole, the growth of the various parts is taken 
up in detail. The plants from excised cultured embryos are compared with 
normal embryos of the same age as the excised embryos. Such a comparison 


reveals the change which took place in the excised cultured embryo. 


Growth of the Embryo as a Whole. Usually when the embryos of 
barley were excised and placed on the culture medium, the coleoptile elon- 
gated, the stem meristem grew out of it producing new leaves, and the root 
meristem grew out of the coleorhiza. There was, however, some variation in 
this response, depending upon the age of the embryo. The youngest embryos 
cultured were from seven to eight days old and showed no change after 
being in culture for two months. The addition of vitamin B, to the medium 
made no difference in the response of these embryos, though they were kept 
in both light and dark. Embryos nine days old showed considerable cell 
enlargement, but none of the cells continued to divide. The 10-day-old em- 
brvos underwent some cell division but ceased growing after 15 days. There 
was more cell division in the 11-day-old embryos, but within a month all 
division in these embryos had ceased. In some of the 11-day-old embryos a 
slight germination of the primary root meristem occurred after from fifteen 
to twenty days in culture, while in 12-day-old embryos it germinated after 
five days and grew to considerable length. In the stem meristem of the 12- 
day-old embryos divisions were still occurring after a month in culture. 
The growth of all older embryos was essentially the same as that of the 
12-day-old embryos except for increase in size and growth rate. 


Growth of the Scutellum. No cell divisions were observed in the 
seutella of cultured embryos examined five days after excision, regardless of 
the age of embryo used. The scutella of embryos 9 days old or older enlarged 
when the embryos were cultured and measurements of the cells of the 
seutella showed that they had enlarged proportionally; hence only a few 
cells could have divided. The increase in the size of the secutella of embryos 
in culture was slight in comparison with the increase in size of the other 
parts of the embryos and was not restricted to one dimension (figs. 1, 2). 
From figure 2 it can be seen that the ratio of the final length or width of 
the scutellum of cultured embryos to the length or width of the scutellum 
of comparable normal embryos decreased as the age of the embryos in- 
creased. This ratio is greater than 2.0 for the youngest embryos and is about 
1.2 for the oldest embryos. 

In embryos up to 14 days old the epidermal and subepidermal cells on the 
back of the seutellum did not enlarge in culture so much as those on the 
front, so that the seutella of such embryos in culture curved away from the 
coleoptiles. In the scutella of embryos 15 or more days old the cells all 


enlarged to the same extent, so that the scutella remained straight. 
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The vascular bundles of the seutellum began to differentiate in the nor- 
mal 10-day-old embryo as two strands of elongated cells. In culture these 
cells retained their difference in shape and in some scutella became lignified 
after a month. After five days in culture the scutellar bundles of embryos 
12 or more days old became lignified, the lignification gradually becoming 
heavier. 

In the normal development of the embryo the epidermal cells which are 
to become the epithelial layer of the scutellum divide more than the other 
cells of the scutellum so that they become proportionally smaller. In culture 
the cells of the epithelial laver became more vacuolate and enlarged to the 
same extent as did the other cells of the seutellum. 


Growth of the Coleoptile. Some cell divisions were observed in the 
coleoptile of the 10-day-old embryos in culture, and the frequency of cell 
divisions increased with increase in the age of the embryos. In culture cell 
divisions occurred during a period of slightly more than five days, and in 
the older embryos this period became shorter. A period of cell enlargement 
naturally followed. In the 9-day-old embryos the cells enlarged in all dimen- 
sions, while in older embryos the enlargement was mostly in length. In the 
1l-day-old embryos the cells of the coleoptile increased from about twice 
their original length after five days to a final length about ten times the 
original after fifteen days. The final length to which the coleoptile of 
embryos of various ages grew increased with an increase in the age of the 
embryo (fig. 3). The ratio of the final length in culture to the length in the 
normal embryo increased rapidly from 9-day-old to 13-day-old embryos and 
then gradually decreased as the age of the embryos increased (fig. 4). 

The vascular bundles of the coleoptile were first differentiated in plants 
from 11-day-old embryos, and after a month those in some of the plants con- 
tained lignified elements. The bundles in the coleoptiles of 12-day-old 
embryos were lignified after five days in culture, as were those of older 
embrvos. As the age of the embrvos increased the number of elements in the 
bundles increased, and in plants from embryos 15 or more days old bundle 
sheaths were formed around the bundles. 

In the normal embryonic development of the coleoptile an opening is at 
first present at the tip and soon becomes located on the front of the coleoptile. 
This pore gradually becomes smaller until the sides touch and the coleoptile 
forms a complete sheath around the plumule. When embryos from 10 to 13 
days old were cultured, the elongation of the coleoptile stretched the pore so 
that in some embryos it was about as long as the coleoptile itself. In the 
plants from older embryos the pore was not enlarged so much by the growth 
of the coleoptile, but it was split by the growth of the plumule. 


Growth of the Stem Meristem. In the stem meristem of 9-day-old 
embryos in culture for five days no cell divisions were observed. Divisions 
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Fie. 1. Length and width of the scutella of normal embryos of different ages and the 
final length and width of scutella of embryos of corresponding ages excised and grown 
in culture for 30 days. Fie. 2. Ratio of the final length and width of the seutella of 
excised embryos grown for 30 days to the length and width of the seutella of normal 
embryos of the same age as the excised embryos. Fic. 3, Length of the coleoptile pri 
mordia of normal embryos of different ages and the final length of coleoptiles of embryos 
of corresponding ages excised and grown in culture for 30 days. Fie. 4. Ratio of the 
final length of the coleoptiles, primary roots, and first leaves of excised embryos grown 
for 30 days to the length of the primordia of these parts in normal embryos of the same 
ages as the excised embryos. Fic. 5. Length of the first leaf primordia of normal embryos 
of different ages and the final length of the first leaf of embryos of corresponding ages 
excised and grown in culture for 30 days. Fic. 6. Length of the primary root meristems 
of normal embryos of different ages and the final length of primary roots of embryos of 


corresponding ages excised and grown in culture for 30 days. 
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were observed in 10-day-old embryos after five and after ten days but not 
after fifteen. In the plants from 11-day-old embryos cell divisions in the 
stem meristem had not stopped until after a month in culture. In plants from 
embryos 12 days old or older the cell divisions were found in stem meristem 
after a month in culture. 

No cell enlargement occurred in the meristem of 8-day-old embryos in 
eulture, but in embryos 9, 10, and 11 days old the cells of the meristem en- 
larged considerably after division had ceased. In some embryos this caused 
the meristem to protrude beyond the coleoptile and the first leaf primordium. 
In embryos 12 or more days old the cell number and the size of the stem 
meristem remained about the same during the growth in culture regardless 
of the age of the embryo when cultured. There was of course some variation 
in size and cell number at different points in the plastochron. 


TABLE 1 


Number of leaf primordia formed in the stem meristem 


Age of Days in culture 

embryos 

in days 0 5 10 15 20 25 30 
9 0 1 ° 
10 1 2 2. 
1] 1 2 2 3 3 3 ° 
12 1 2 3 3 4 4 4 
13 2 2 3 4 4 4 5 
14 2 3 4 4 5 5 5 
15 2 3 4 4 5 5 5 
16 3 4 4 5 5 5 6 
17 3 4 4 5 5 6 6 
18 3 4 5 5 5 6 6 
21 3 4 5 
24 3 4 5 
28 3 4 5 


* Plants stopped growing. 


Table 1 shows the time at which each of the first five leaf primordia were 
formed from various ages of embryos. It can be seen from this table that at 
some ages the difference of a day in the age of the embryos when cultured 
made several days difference in the time at which a particular leaf pri- 
mordium was formed, while at other ages it made little difference. 


Growth of the First Leaf. The time of formation of the first leaf pri- 
mordia has been stated above. Many cell divisions were observed in the first 
leaf in cultured plants, most of them in the basal region. In plants from 
embryos up to 14 days old divisions were observed in the first leaf after 5 
and after 10 days, in those from older embryos after five days but not later. 
Most of the elongation of the leaf took place during the first 10-15 days in 
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TABLE 2 


Growth of the first leaf in culture 


Length of Length in cm. of the first leaf of plants 


Age of first leaf grown in culture 

embryos primordium a 

in days in embryos 5 10 15 20 25 30 

in em. | days | days days days days | days 

1] 0.005 1 1 1 
12 0.008 0.5 l 3 3 3 
13 0.010 5 3 } 4 4 
14 0.015 0.5 3.0 5 5 5 5 
15 0.020 0.5 3.0 5 5 5 5 
16 0.025 3.0 7.0 7 7 7 7 
17 0.035 4.0 8.0 Ss Ss Ss Ss 
18 0.045 4.0 8.0 - 8 7 8 
2?) 0.060 4.0 8.0 9 9 9 9 
24 0.070 4.0 9.0 10 10 10 10 
28 0.080 5.0 10.0 1] 1] 1] 11 


culture (table 2). The period of elongation became shorter in the plants 
from older embryos. The length finally reached by the first leaf increased 
with an increase in the age of the embryos when cultured, as is shown in 
figure 5. The ratio between the final length of the first leaf in culture and 
the length of the first leaf primordium of the normal embryo increased 
rapidly from 11- to 12-day-old embryos and then gradually decreased 
(fig. 4). 

The number of vascular bundles formed in the first leaf of plants grown 
from embryos of different ages is shown in table 3. The number of bundles 


TABLE 3 
Differentiation of bundles in first leaf 


Number of 


Number of bundles in first leaf of 


Age of bundles in plants in culture 

embryos first leaf pene sin —_ = 

in days primordium 5 10 | 15 30 

in embryos days | days days days 

10 0 0 l 3 3 
1] 0 1 3 5 7 
12 3 . o-9 7 
13 3 5 7 7 7 
14 3 7 13 13 13 
15 7 13 13 13 13 
16 13 17 17 | 17 17 
17 15 19 19 19 19 
21 19 19 19 | 19 19 
28 19 19 19 19 19 


in the first leaf of any plant was greater than the number differentiated in 
the normal embryo from which it was grown, except for the oldest embryos, 
in which all the bundles present in the mature first leaf of a seedling are 





n 


e 
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differentiated. The number of bundles in the mature first leaf of the cultured 
plants varied with the age of the embryos from which they were grown 
(table 3). 


Growth of the Roots. The time of differentiation of the seminal roots 
in the normal embryos and of their germination from the cultured embryos 
is shown in table 4. No seminal roots were formed in culture unless they had 


TABLE 4 
Growth of seminal roots 





Washer aff Number of seminal roots on plants 
grown in culture 





Age of 


root 
embryos 








in days meristems 5 | 10 | 15 20 30 
in embryos days | days days days days 
1] 1 0 0 1 1 1 
12 3 1 1 3 3 3 
13 3 3 3 3 3 3 
14 3 3 3 3 3 3 
15 5 3 3 5 5 5 
16 5 3 5 5 5 5 
17 7 5 5 5 5 7 
18 7 5 5 7 7 7 
21 9 5 7 7 7 9 
24 9 7 7 7 ee tee 
28 g 7 9 9 9 9 


begun to differentiate before the embryo was removed from the ovule. No 
seminal root germinated so rapidly from an embryo in which it was just 
differentiated as did the seminal root in the same position from an older 
embryo. 
The length of the primary root at 5-day intervals on plants from embryos 
of various ages is shown in table 5. The length stated represents an average 
TABLE 5 


Growth of primary root 




















Length of Length of primary root of plants 
Age of primary root grown in culture 
embryos meristem = ——__—-—-—-—__——- qerereenenienyeedaastenes 
in days in embryos 5 ”.1- B 20 | #2 | 30 
in ems. days | days | days days days days 
1] 0.005 0.5 0.5 
12 0.005 0.15 | 0.5 9 2.0 2.5 4.0 
13 0.010 0.25 1.0 2 2.5 4.0 6.0 
14 0.013 Lo 3} 82 5 6.0 7.0 9.0 
15 0.015 265 + 8 5 5.0 7.0 8.0 
16 0.025 2.0 | 3.0 5 5.0 7.0 7.0 
17 0.035 2.0 } 3.0 5 5.0 5.0 6.0 
18 0.040 2.0 3.0 5 5.0 | 5.0 5.0 
21 0.048 25 | 3.0 3 4.0 | 4.0 4.0 
24 0.048 $35 | 40 a 4.0 4.0 4.0 
28 0.960 20 | 3.0 3 3.0 | 3.0 3.0 
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of only a few plants, and the variation from one plant to another is great. 
The data in table 5 and in figure 6 show that the plants from embryos about 
from 14 to 16 days old had longer primary roots than those from embryos of 
any other age. The curve in figure 6 would be the same if the maximum 
length attained from an embryo of each age had been plotted; the values 
would of course be higher. The ratio of the final length of the primary root 
of the cultured plants to the length of the primary root meristem in the 
normal embryos increased very greatly from the 11- to 12-day-old embryos 
and then gradually decreased (fig. 4) 

The growth of the first pair of seminal roots was similar to that of the 
primary root, though they never became as long as it did. The other seminal 
roots showed a continuous increase in final length with an increase in the 
age of the embryos. In the oldest embryos the first three pairs of seminal 
roots grew to about the same length as the primary root of the same plant. 
After 15 days in culture adventitious roots were formed on the plants from 
embryos from 12 to 16 days old, and on plants from embryos 24 days old or 
older after about 20 days in culture, 


Growth of the Coleorhiza and Suspensor. The cells of the coleorhiza 
enlarged to about twice their original diameter in all embryos nine days old 
or older. This enlargement took place in less than five days, after which the 
cells tended to collapse. In the older embryos the cells elongated more in the 
long axis of the embryo than in other dimensions. Only a few seattered divi- 
sions were observed in the coleorhizae of normal embrvos, and none was seen 
in those of cultured plants after five days in culture. 

In most of the embryos which grew in culture the suspensor did not 
change at all. In some of the very voungest embryos the cells of the suspen- 


sor enlarged to the same extent as the other cells. 


DISCUSSION 


Compared with the growth of the embryo in normal development the 
growth in culture is strikingly different and more closely resembles that of a 
seedling. This has been noted by all workers who have grown immature 
embryos on artificial media. One basic difference in the two types of growth 
is that in culture the cells of the various parts of the embryo undergo con- 
siderable enlargement, while in normal development the cells tend to remain 
the same size or even to become smaller. Whatever change in the conditions 
eauses the change in the manner of growth may be one which removes the 
check on cell enlargement which appears to exist in normal development. 
However, not all the cells in all the embryos cultured tend to enlarge. In the 
voungest embryos cultured no cell enlargement is observed. In slightly older 
embryos all the cells enlarge, and in still older embryos the cells do not 
enlarge in certain regions which remain meristematic. 
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This suggests a second general difference between the two types of 
growth: in culture cell division becomes more localized than in normal 
development. Certain regions are differentiated in the normally developing 
embryo in which the cells are smaller and divide more frequently than those 
in the rest of the embryo. But the other regions in the normal embryo show 
scattered cell divisions during development which cease when the embryo is 
removed from the ovule and is placed in culture. The continued growth of 
the embrvo in culture is restricted to those regions in which cell division 
continues. It appears then that the change or changes in conditions due to 
excision and culturing, which cause the change in manner of growth, inihibit 
cell divisions in most of the embryo and lead to cell enlargement in some 
parts. 

As has been indicated above there are also differences in growth in cul- 
ture between embryos of different ages. Such differences have been observed 
before. Hannig (1904) and all workers in this subject since this time have 
found that there is a minimum size at which the embryo can be removed and 
grown in culture. This is not the same size for all plants nor in all investiga- 
tions. In culturing immature embryos of certain fruit trees Tukey (1938) 
observed that each stage of embryo which was cultured gave a different 
‘growth pattern.’’ The variation was largely in the presence or absence of 
roots and in the degree of elongation of the stem. If we make allowance for 
the difference in the material used, the various ‘‘growth patterns’’ shown by 
Tukey (1938) are surprisingly similar to the variation between the plants 
grown from different ages of barley embryos. The cells in the very smallest 
barley embryos neither enlarged nor divided. This may possibly be because 
the cells are unable to carry on normal metabolism in the presence of 
oxygen in so high a concentration as that in air. It seems reasonable to 
assume that in the ovule the oxygen concentration is not as high as in air. 
In slightly older embryos the cells are able to enlarge, but do not continue 
to divide, so that the growth of the plant is terminated. It is felt that the 
enlargement of the cells in culture may be related to exposure to an oxygen 
concentration higher than that in the ovule, since in embryos in which the 
opening in the coleoptile exposes the stem meristem to the air, the cells in 
the meristem enlarge. In slightly later stages, when the pore is closed, the 
cells in the meristem remain small and continue to divide. This may of course 
be due to changes in the cells of the meristem themselves, to the effect of 
pressure on the meristem, or to the increase in the size of the embryo and in 
its ability to supply food to the meristem. 

The final size of the cultured plants increases with the increase in the 
age at excision of the embryos from which they are grown. This is correlated 
with the increase in the size of the embryos from which the cultured plants 
were grown and to their greater differentiation, but if the final size of the 
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various parts of the cultured plants is compared with the size of these parts 
in normal embryos of the same age as those from which the plants were 
grown, it is seen that the difference is not all explained directly by the differ- 
ence in the size of the normal embryos. The ratio of the final size of the parts 
in cultured plants to that in normal embryos increases very rapidly with 
the age of the embryo for very young ages but soon decreases with the 
increased age of the embryos. 

The variation in the size of the primary root with increase in the age of 
the embryos is most interesting. The final root length increases rapidly 
with an increase in the age of the embryos from 11 to 14 days, and then 
decreases in plants from progressively older embryos. This is doubtless due 
to competition with the other seminal roots. Apparently some factor which 
is necessary for the growth of the roots is present in a limited amount, so 
that the more roots formed the smaller each is. At the same time the total 
length of roots formed appears to increase with the age of the embryos, 
which may mean that there is an increase in the controlling factor as a young 
embrvo becomes older. 

The difference in the number of seminal roots produced on plants from 
different ages of embryos is the most obvious morphological difference in the 
material. This is clearly related to the degree of differentiation in the normal 
embryo at the time of excision. Only as many seminal roots as are already 
formed in the normal embryo will grow in culture. The other roots produced 
in culture are adventitious roots formed on the stem. 

The number of vascular bundles in the leaves of cultured plants is 
another morphological character which varies with the age of the embryo 
when excised. Embryos about 21 days old have the maximum number of 
bundles differentiated in the first leaf primordium, and the first leaf of the 
plants cultured from them has the same number. All plants from embryos 
vounger than 21 days have more bundles in the first leaf than there were in 
the first leaf primordia of the embryos from which they were grown. Evi- 
dently some differentiation takes place in the first leaf in culture, though 
not so much as usually takes place in the normal development of the embryo. 
Plants from very young embryos have fewer bundles in the first leaf than 
plants from mature embryos. It would be interesting to know if the leaves 
differentiated after the embryo was excised would have the same differences 
in size and number of bundles for different ages of embryos as the first leaf 
has. Since most of the plants were not allowed to grow long enough for more 
than the first two leaves to mature, this point could not be determined. 

The differentiation of the leaf primordia also varies with the ages of the 
embryos when excised. They are formed more rapidly from the older 
embryos. Also the leaves elongate and their bundles lignify sooner and to 
a greater extent in the older embryos. This is probably related in a complex 
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manner to the increased size and greater differentiation of the older embryos. 
The increase in size may mean that there is more food in the embryo, so that 
erowth could take place more rapidly. Also, since the root meristems are 
more numerous and the leaf primordia larger, the plants from the older 
embryos would produce roots and leaves, and therefore their own food 
supply, sooner and in larger amounts. Factors other than food supply are 
probably involved and will be better understood after a physiological study 
of the normal development of the embryo and its growth in culture has been 
made. 


This investigation was begun while the author was an assistant in the 
Department of Botany, University of Michigan, and was completed while 
he held the Emma Cole Fellowship in Botany from the same institution. 
The writer wishes to express his appreciation of the support which has made 
this work possible. It is a pleasure to acknowledge the suggestions and 
criticisms of Professor C. D. La Rue of the University of Michigan, under 
whose guidance this work was done, and the generous assistance of Pro- 
fessor David R. Goddard, of the University of Rochester, in the preparation 
of the manuscript. 

SUMMARY 


1. When embryos seven or eight days old were cultured on a nutrient 
agar medium no change was observed. 

2. When embryos nine days old were cultured all the cells enlarged and 
no cell division oceurred. 

3. When embryos ten or eleven days old were cultured some cell division 
occurred, but eventually all the cells stopped dividing and enlarged. 

4. When embryos twelve days old or older were cultured the cells in 
certain regions continued to divide as long as the plants were grown. The 
cells in other regions enlarged at once or divided for a short time and then 
enlarged, 

5. No cell division and only slight cell enlargement was observed in the 
scutellum of eultured embryos. 

6. The size of the stem meristem was about the same in all plants from 
embryos twelve or more days old. 

7. The leaf primordia were formed more rapidly in plants from older 
embryos. 

8. The coleoptile and leaves were larger in plants from older embryos. 

9. The ratio, of the size of the coleoptile, leaves, and roots of cultured 
plants to the size of these parts in normal embryos, increased rapidly with 
the age of the embryos for early ages but soon decreased with an increase in 
the age of the embryos. 

10. The vaseular bundles became lignified sooner and to a greater extent 
in plants from older embryos. 
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11. The primary root was longest in plants from embryos from 14 to 16 
days old and was successively shorter in plants from progressively older 
embryos. 

12. Only as many seminal roots as were already differentiated in the 
embryo grew in culture. Other roots formed were adventitious roots on the 


stem. 
DEPARTMENT OF BIOLOGY, DENISON UNIVERSITY 
GRANVILLE, OHIO 
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NORTH AMERICAN RANUNCULI—V 
LYMAN BENSON 


The first four articles in this series deal with the sections of the subgenus 
Euranunculus, as follows: I and II, seet. Chrysanthe; II, seets. Echinella 
and Epirotes; IV, sects. Flammula and Hecatonia. This coneluding article 
is a treatment of the other subgenera. The area included in the series is 
North America north of Mexico. The delimitation of sections and subgenera 
was published in a paper entitled ‘‘The North American Subdivisions of 
Ranunculus’? (Am. Jour. Bot. 27: 799-807. 1940). Detailed specific deserip- 
tions are reserved for the North American Flora. 

In order to facilitate use of this series of articles and its reprints in 
identification of specimens, the keys to the subgenera and sections published 
previously in the American Journal of Botany (loc. cit.) are reproduced at 
the beginning of this coneluding article. 


KEY TO THE SUBGENERA 


Sepals 5 or rarely 6, except in R. alveolatus (Euranunculus sect. Flammula) 
which has simple, entire leaves and petals only 2-2.5 mm. long; 
achenes not constricted; cotyledons 2. 
Achenes or utrieles not transversely ridged, except in R. sceleratus 
Euranunculus sect. Hecatonia) which has 40 or commonly 
100-300 minute beakless achenes in an elongated head; petals 
usually glossy, yellow or rarely red or white, 
Sepals deciduous during or soon after anthesis; fruits not utricular, 
1-chambered. 
Pericarp not striate or nerved, thick and firm. Subgenus I. Euranunculus. 
Pericarp striate, the nerves 3 or more on each face, these some- 
times branched, the ovary wall thin and _ usually 
fragile at fruiting time. Subgenus Il. Cyrtorhyncha. 
Sepals persistent in fruit; fruits utricular or 3-chambered. 
Annual; hypocotyl simulating a tap-root; fruit with one basal 
seed-chamber and two lateral empty vesicles, the beak 
lanceolate. Subgenus III. Ceratocephalus. 
Perennial; hypocotyl not simulating a tap-root; fruit 1 
chambered, utricular, the beak not lanceolate. 
Pericarp plane, except for one longitudinal ribbed angle 
on each face; sepals thick, not mareescent in 
fruit; petals yellow; leaves simple, entire. 
Subgenus IV, Oxygraphis. 
Pericarp smooth or sometimes with the lateral and distal 
portions reticulate; sepals thin, marcescent in 
fruit; petals red or rarely white; leaves com- 
pound, dissected into ligulate leaflets. 
Subgenus V. Crymodes. 
Achenes roughly transversely ridged; petals not glossy, white, the 
claws sometimes yellow; aquatic. Subgenus VI. Batrachium. 
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| 
Sepals 3 or sometimes 4. 

Coty ledons 2; achenes constricted at the middles; sty le present, achene 

beaked; flowering stems arising from rhizomes. 
Portion of the achene distal to the constriction not filled with Pet: 
spongy parenchyma; receptacle greatly enlarged in fruit, 
depressed-globose; petals perhaps white, 5 or commonly 
7-10; rhizomes and scapes markedly fistulous, 2-6 mm. in 
diameter; leaf-blades entire or 3-lobed or -parted; sub- 
aquatic. Subgenus VII. Pallasiantha, 
Portion of the achene distal to the constriction oceupied by 
parenchymatous tissue; receptacle not much enlarged in 
fruit, subglobose ; petals yellow, 5-6; rhizomes and scapes 
wiry, not fistulous, about 2 mm. in diameter; leaf-blades Pet: 
3-parted and often again lobed or parted; terrestrial. 
Subgenus VIII. Coptidium. 

Cotyledon apparently 1, the other enclosed by it and undeveloped; 
achene not constricted, not containing spongy parenchyma; 
style wanting, achene beakless; flowering stems from a fascicle 
of fleshy roots, each of which produces an independent plant 
the following year; petals yellow, Subgenus IX. Ficaria, 

SUBGENUS I. EURANUNCULUS (GREN. & GODR.) A. GRAY 
KEY TO THE SECTIONS 
Leaves (either the cauline or the basal) lobed, parted, or divided. 
Achenes smooth, sometimes hairy. na 
Style and achene-beak present, the achene not corky-keeled or with car 
corky thickening on the margin of the body; nectary-seale Jal 
ventral to the nectary, covering it, apically truncate or 5: 
rounded (the margins prolonged in Ranunculus East Cy 
woodianus, Section Epirotes). ; 
Nectary-seale free laterally for at least two-thirds its length, 
not forming a pocket (except in R. recurvatus) ; lon 
dorsoventral measurement of the achene 3-15 times cor 
the lateral; receptacle in fruit (in most species) 1-3 tin 
times the length in anthesis; sepals usually not or 
lavender- or purple-tinged. Section 1. Chrysanthe. 4 
Nectary-seale attached to the petal laterally and forming a 15- 
pocket ; dorsoventral measurement of the achene 1—2.5 mn 
times the lateral; receptacle in fruit (in most species) 
3-15 times the length in anthesis; sepals always : 
tinged dorsally with purple or lavender. Section 3. Epirotes. fo 
Style and achene-beak practically lacking or if otherwise the achene La 
with a corky keel or with corky thickening on the margin ne: 
of the body; nectary-scale with the gland in a pocket on “ 
the ventral surface or the seale, forked and prolonged Ne 
anteriorly on the surface of the petal or surrounding the est 
gland; aquatic or palustrine. Section 5. Hecatonia. 

Achenes covered with spines, hooks, or papillae or with papillae pro- : 
duced into hooked hairs, rarely smooth; dorsoventral measure- we 
ment of the achene 3—6 times the lateral; receptacle in fruit ca 
1-3 times the length in anthesis. Section 2. Echinella. ca 

Leaves (both ecauline and basal) entire, dentate, serrulate, or wavy; no. 
dorsoventral measurement of the achene not more than twice or 
thrice the lateral, Section 4. Flammula. 


16: 
18 
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SUBGENUS II. CYRTORHYNCHA (NUTT.) A. GRAY 
KEY TO THE SECTIONS 
Petals larger than the sepals. 
Fruiting receptacle enlarged to several times its size in anthesis, 
cylindrical or long-ovoid; nectary-scale overarching the nectary, 
truncate, the margins free from the blade of the petal; 
stolons present; leaves simple. Section 1. Halodes. 


Fruiting receptacle but slightly enlarged from its size in anthesis; 
nectary-seale not overhanging the nectary, consisting of a 
mere transverse ridge below the gland; stolons not present; 
leaves compound. Section 2. Hucyrtorhyncha. 
Petals smaller than the sepals; nectary-secale forked, the lateral margins 
attached to the blade of the petal; stolons never present; receptacle 
but slightly enlarged in fruit, not cylindrical; leaves simple. 
Sepals yellow; blades of the petals 7-8 mm. long, yellow. Section 3. Arcteranthis. 
Sepals white; blades of the petals 1-3 mm. long, yellowish or greenish. 
Section 4. Pseudaphanostemma. 
Subgenera III—-IX are composed each of a single section. 
SUBGENUS II. CYRTORHYNCHA (NUTT.) A. GRAY 
SECTION 1. HALODES (A. GRAY) L. BENSON 


63. RANUNCULUS CYMBALARIA Pursh. Fl. Am. Sept. 2: 392. 1814. R. 
nanus Fisch. in DC. Prodr. 1: 33. 1824, as svn. R. Cymbalariae var. ameri- 
canus DC. Prodr. 1: 33. 1824. Oxygraphis Cymbalaria Prantl in Engl. Bot. 
Jahrb. 9: 263. 1888. Cyrtorhyncha Cymbalaria Britt. Mem. Torrey Club 
5: 161. 1894. Halerpestes Cymbalaria Greene, Pittonia 4: 208. 1900. R. 
Cymbalaria f. hebecaulis Fern. Rhodora 16: 162. 1914. 

Seapes erect, 2-5 or 11 em. long, usually branched, stolons several dm. 
long, both about 1 mm. in diameter, not fistulous; radical leaf blades simple, 
cordate, ovate, or reniform, 5-22 mm. long, 4-20 mm. broad, crenate or some- 
times merely 3-lobed at the apex in the same individual, proximally cordate 
or rounded and distally rounded, petioles 2-5 em. long, stipular leaf bases 
4-9 mm. long; sepals 3-5 mm. long; petals 3-5 mm. long; stamens usually 
15-25; achenes 40-50 in a cylindrical head 3-8 or 13 mm. long, 3-4 or 6 

) mm. in diameter. 

Mud of especially brackish streams and marshes; at least approached by 
forms in the Himalaya Mountains and Siberia; Alaska and the Yukon to 
Labrador and southward to Wyoming, Oklahoma (Harper County), Min- 
nesota, Wisconsin, Illinois (Chicago), and New Jersey. Mostly coastal in 
New England. Northern coniferous, northeastern pine, and hardwood for- 


ests; prairie grassland. Late May to August. 

Type collections; (1) R. Cymbalaria, ‘‘In saline marshes near the salt 
works of Onondago, New York.’ (2) R. nanus, none given. (3) Var. ameri- 
canus, same as R. Cymbalaria, based upon a reference to it. (4) F. hebe- 
caulis, ‘‘ ALBERTA: Banff, alt. 4,500 ft., June 11, 1906, Butters & Rosendahl, 
no. 1339 (Type in Gray Herb.)’’ 


63A. RANUNCULUS CYMBALARIA Var. SAXIMONTANUS Fern. Rhodora 16: 
162.1914. R. tridentatus H. B. K. var. major H. B. K. in DC. Syst. 1: 253. 
1818, not R. Cymbalaria var. major Hook. & Thomson in 1855. 
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Scapes 5-30 em. long, usually branched ; basal leaf blades cordate, ovate, 
or rarely reniform, 12-40 mm. long, 10-33 mm. broad, mostly crenate ; sepals 
and petals 4-8 mm. long; stamens usually 20-35; achenes 100-300 in a head 
5-12 mm. long, 3—5 mm. in diameter. 


Mud of ocean inlets and of streams and marshes up to 2,300 meters ele- 
vation; Vancouver Island, British Columbia to Alberta and Nebraska (Hay 
Springs) and Kansas (Logan County) ; southward through the Great Basin 
to Baja California and Central Mexico; on the Pacific Slope occurring only 
about Puget Sound, along the lower Columbia River, in the mountains of 
Kern County, California, and in Southern California. Primarily Northern 
Desert and Plains Grassland ; 


the Mojave River) in Southern California. Summer. 


Oak Woodland and Southern Desert (along 


Type collections: (1) Var. major, ‘* Juxta Carpio in Mexico.’’ ‘* Ad lacum 
S. Christobal alt., 1180 hex.’’ (2) Var. sarimontanus. Nomen novum for R. 
tridentatus var. major. 


63B. RaNuNcULUS CYMBALARIA var. ALPINA Hook. Fl. Bor. Am. 1: 11. 
1829. 

Seapes 2-7 em. long, usually unbranched; basal leaf blades trapezoidal 
to rectangular or some of them almost cordate, 4-10 mm. long, 2.5-8 mm. 
broad, 3-toothed at the apices and normally not crenate; sepals 2-3 mm. 
long; stamens about 10; achenes 25-60 in a head 3—5 mm. long by 3—4 mm. 
in diameter. 

Mud; Siberia and the Himalaya Mountains, Asia; Alaska, Quebec, and 


Newfoundland; specimens from Wyoming appear also to belong to this 


variety (Snake and Lower Hoback Rivers and Upper Hoback Basin at 
1,900—2,250 meters). Northern coniferous forest. Summer. 

Numerous intermediate forms between this variety and the typical spe- 
cies occur from Quebee to Newfoundland and Nova Scotia and a similar 
tvpe has been collected near Great Salt Pond, Rhode Island. 

Type collection: ‘‘Found by Mr. Drummond upon the Rocky Moun- 


tains.’”’ 
SECTION , 4 EUCYRTORHYNCHA L. BENSON 


64. RanuncuLus RaANuNcuuinus (Nutt.) Rydb. Bot. Surv. Nebr. 3: 23. 
1894. Cyrtorhyncha ranunculina Nutt. ex Torr. & Gray, Fl. N. Am. 1: 26. 
1838. R. Nuttallii A. Gray, Proe. Aead. Phila. 15: 56. 1864. Cyrtorhynca 


neglecta Greene, Pittonia 4: 146. 1900. Cyrtorhyncha rupestris Greene, PI. 


Baker. 3: 3.1901. R. neglectus Wheeler, Rhodora 39: 51. 1937. 
Mountain-sides at 1,800—2,700 meters elevation; southeastern Wyoming 
and southward through middle Colorado to Sandoval County, New Mexico. 
Chiefly Western Pine forest. Mostly May and June. 
The apetalous form (Cyrtorhyncha neglecta Greene), occurring near 
Golden and Morrison, Colorado, is poorly segregated. It is inconsistent in 


presence or absence of petals, and, since there seems to be no other character 
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to base the species upon, it is perhaps better neglected. Plants collected six 
miles southeast of Estes Park, L. Benson 4942, show reduction of petal num- 
ber or absence of petals apparently in anthesis. However, some of the ‘‘flow- 
ers’’ have one or two pistils developed into achenes, and it is possible that 
others may have only abortive or unfertilized pistils past anthesis. Cyrto- 
rhyncha neglecta was not based upon similar material, for even the flower 
buds show no petals in those individuals among the specimens which have 
apetalous flowers. 

Type collections; (1) C. ranunculina, ‘‘ By sides of gravelly brooks in the 
eastern Range of the Rocky Mountains, around the place known by the name 
of Independence Rock on the banks of the Sweet Water of the Platte, but not 
farther to the westward. Flowers in June.’’ Nuttall. (2) R. Nuttallii. Nomen 
novum for C. ranunculina. (3) C. neglecta, ‘‘ Occasional in dry ravines about 
Golden and Morrison, in middle Colorado, at about 6,000 feet altitude, flow- 


ering late in May... . I obtained it first in 1871, in ravines about Golden 
City. ... Last spring I requested Mr. E. Bethel of Denver to go in search of 
it... with the result that I soon had fine flowering specimens of my long 


neglected plant, and later, some thoroughly mature achenes.’’ The writer 
did not note the presence of Greene’s 1871 collection in the Herbarium 
Greeneanum in 1935. However, it is represented in the New York Botanical 
Garden. (4) C. rupestris, ‘‘On moist cliffs in the Black Canon [Gunnison 
Watershed | in Colorado, 20 June, n. 198,’’ C. F. Baker in 1901. Type, HGr. 
2269-7 0. 

SECTION 3. ARCTERANTHIS (GREENE) L. BENSON 

65. RANUNCULUS COOLEYAE Vasey & Rose, Contr. U.S. Nat. Herb. 1: 289. 
pl. 22. 1893. Kumlienia Cooleyae Greene, Erythea 2: 193. 1894. <Arcter- 
anthis Cooleyae Greene, Pittonia 3: 190. pl. 3. 1897. 

Slopes near snow banks; Alaska to the mountains of western British 
Columbia; Colonel Bob Lookout, Olympic Mountains, Washington (J. W. 
Thompson). Northern coniferous forest. June to August. 

Type collection; ‘‘Collected in fruit by Miss Grace Cooley, near the top 
of a snow-covered ridge, among loose rock, near Juneau, Alaska, August 6. 
1891, and collected in flower by Mr. Frederick Funston, near the top of a 
bare mountain (1,000 meters high) of the St. Elias Alps, above Disenchant- 
ment Bay, Alaska, August 10, 1892.’’ The Cooley specimen is designated as 
a LECTOTYPE. 


SECTION 4. PSEUDAPHANOSTEMMA (A. GRAY) L. BENSON 

66. RANUNCULUS HysTRICULUS A. Gray, Proce. Am. Acad. 7: 328. 1867. 
Kumlienia hystricula Greene, Bull. Calif. Acad. 1: 337. 1886. 

Moist places near streams at 1,000—-1,800 meters elevation; often about 
waterfalls and notably so at Yosemite Valley; Sierra Nevada from Butte 
County to Tulare County, California. Western pine forest. May and June. 

Type collection; ‘‘ Foot-hills of the Sierra Nevada, at Forest Hill and at 
New Castle, Placer Co., April, 1865, Bolander. Also, 1866, by Mr. Rattan, a 
state with longer petioles (6 inches long), and scapes nearly a foot high: ap- 
parently wet soil.’’ The Bolander specimen from Forest Hill is designated 
aS a LECTOTYPE. 
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SUBGENUS III. CERATOCEPHALUS (MOENCH) L. BENSON 

67. RANUNCULUS TESTICULATUS Crantz, Stirp. Austr. Ed. 1. fase. 2. 97. 
1763. 

Introduced from the Old World and now becoming common in the Inter- 
mountain Region from Eastern Washington and Eastern Oregon to Utah. 
April and May. 

As pointed out to the writer by Dr. Ray J. Davis of the University of 
Idaho, Southern Branch, there are 1—3 ovules in a pistil. Study of the Old 
World plants may lead to elimination of this group from Ranunculus. 


Type collection; Old World. 

Specimens examined; WASHINGTON: Grand Coulee 8 miles north of the 
Dry Falls, Rogers 287, 386, WSC, B. Oreaon: Congdon, Gilliam County, 
J. W. Thompson 11347, T, GH, B. Ipano: 8. E. of Pocatella, R. J. Davis 
1892, ISB, B. Uran: Mill Creek Canyon, Salt Lake City, Garrett 6100, G, B. 


SUBGENUS IV. OXYGRAPHIS (BUNGE) L. BENSON 
It is to be noted that the nectary scale of the subgenus Orygraphis, as far 
as it has been studied, is a transverse ridge of type 1 (ef. L. Benson, Am. 
Jour. Bot. 27: 799, 1940). This matter was not clear at the time of previous 
publication. 


68. RANUNCULUS KAMCHATICUS DC. Syst. 1: 302.1817. Ficaria glacialis 
Fisch. ex DC. Sept. 1: 305. 1817, not Ranunculus glacialis L. in 1753. Oxry- 
graphis glacialis Bunge, Verz. Suppl. Fl. Alt. 35 (in reprint at Gray Her- 
barium). 1836. 

Wet ground near sea level; Boreal regions and high mountains of Asia 
to Teller Ranger Station (Seward Peninsula) and Popof Island (Shumigan 
Islands), Alaska. Boreal and alpine tundra. Summer. 


Type collection: (1) R. kamchaticus, ‘‘Hab. in Kamchatka. A. Pall. ... 
(Vs. sp. in h. Pall, nune. Lam.)’’ (2) F. glacialis, ‘*Hab. in Daouria ad 
apicem montis Tehokondo. Pansner.’’ 


SUBGENUS V. CRYMODES A. GRAY 


The supposed very close relationship of this subgenus to the subgenus 
Oxygraphis is erroneous. The supposition was based upon overemphasis of 
one of the characters in common (persistent sepals) and upon ignoring of 
the numerous differences. Division of the genus Ranunculus would not per- 
mit inclusion of Crymodes under Oxrygraphis, since it is not more closely 
related to that subgenus than to several others. Any segregation of this 
group of species should involve careful analysis of the characters of R. 
juniperinus, since its fruit is the most primitive found in any of the four. 


Sepals densely reddish-brown-pilose or -hirsute; beak of the fruit 2-3 mm. 


long; flowering stems with 2 or more leaves; boreal and alpine, 
Pericarp differentiated into a basal and central indurated portion 


around the seed and an apical and marginal reticulate scarious 
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portion; cauline and basal leaves large and triternately-com- 
pound; hairs not straight and arising singly. 69. R. glacialis. 

Pericarp not markedly differentiated, the reticulations of the beak 

slightly more pronounced than those of the body; cauline and 

basal leaves 1-2 em. long, 3-divided, but not compound; hairs 
straight, arising in clusters from papillae. 70. R. Chamissonis. 

Sepals glabrous; beak of the fruit 0.5 mm. long; stems with not more 

than one small leaf; pericarp undifferentiated; sagebrush deserts 

or low mountains in the juniper-pinyon belt. 

Fruits 4-6 mm. long; scapes with usually 1 bract and one or two flowers. 
71. R. juniperinus. 

Fruits 9-14 mm. long; scapes practically always with no bracts and with 
one flower. 72. R. Andersonii. 


69. RANUNCULUS GLACIALIS L. Sp. Pl. 553. 1753. Oxygraphis vulgaris 
Freyn, Flora 70: 141. 1887. 

Wet ground, often near snow; Greenland and Iceland to Northern 
Europe and the Alps. Arctic-alpine tundra. Summer. 

Type collection; ‘‘ Habitat in Alpibus Lapponiae, Helvetiae.’”’ 


70. RanuncuLus CHAMISSONIS Schlect, Animad. Ranune. 1: 12. 1819. 

Wet places; Nome and Cape Prince of Wales, Alaska, on Bering Strait. 
Boreal tundra. Collected by A. E. and R. T. Porsild, who kindly loaned the 
specimens in the National Herbarium of Canada to the University of Ari- 
zona. August. 

Type collection: ** Habitat ad pedes montium glacialium loca uda glacie 
deliquescente madida in sinu St. Laurentii, qui in littore Asiae arecticae 
orientalis, haud procul a freto Behringii meridiem versus est situs, unde 
magnam hujus plantae copiam attulit amicissimus de Chamisso in cujus 
honorem hane pulechram dixi speciem.”’ 


71. RANUNCULUS JUNIPERINUS Jones, Proc. Calif. Acad. IT. 5: 616. 1896. 
R. Andersonii A. Gray var. tenellus 8S. Wats. King’s Rept. 5: 7.1871. Beck- 
withia juniperina Heller, Muhlenbergia 1: 144. 1906. 

Rocky slopes at 1,600—-2,000 meters elevation; Karshaw, Meadow Valley 
Wash, Eastern Nevada: Utah: Virgin Mountains, Arizona. Southwestern 
coniferous woodland. May. 

This is the least specialized of the North American species in this sub- 
genus, at least so far as fruit is concerned. 

Type collections: (1) Var. tenellus, ‘‘ Pilot Rock Point, Salt Lake, Utah. 
(17.)’’ Sereno Watson, June 17, 1869, 5,000 feet altitude. (2) R. juniperinus, 
**No. 5011, April 4, at Copper Mine, 18 miles west of St. George, Utah, in 
Beaverdam Mts., 5000° alt., among junipers in loose gravelly soil. No. 5139, 
April 30, at head of the west branch of Santa Clara Valley in the Beaverdam 
Mts., Utah, 5000° alt., in loose soil on rocks, among junipers.’’ Jones 5011 is 
designated as a LECTOTYPE. Herbarium of Pomona College. 


72. RanuncuLus ANDERSONI A. Gray, Proc. Amer. Acad. 7: 327. 1867. 
Oxygraphis Andersonii Freyn, Flora 70: 140. 1887. Beckwithia Austinae 
Jepson, Erythea 6: 97. pl. 1.1898. Beckwithia Andersonii Jepson, Erythea 
6: 99. 1898. 
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Rocky mountainsides at 1,000-1,500 meters elevation; southeastern Ore- 
gon to Ketchum, southcentral Idaho, and southward east of the Sierra 
Nevada to the Panamint Mountains, California, and to Nye County, 
Nevada. Northern desert. May. 

Type collections: (1) **Near snow, on Blind Springs Mountain in the 
Kastern Sierra Nevada, Dr. C. L. Anderson, 1866.’’ The specimen in the 
Gray Herbarium was collected near Carson City, Nevada, by Anderson in 
1866. (2) B. Austinae, ‘‘ Decomposed lava on the western treeless slope of 
Lake City Pass, Modoc County, California, June 1898.’’ Austin & Bruce 
2134. 


SUBGENUS VI. BATRACHIUM (DC.) A. GRAY 


The treatment of the subgenus Batrachium here differs from that of W. 
B. Drew, Rhodora 38: 1-47. 1936, chiefly in the broader interpretation of 
species and varieties. The categories recognized are nearly all the same, but 
several are accorded lower rank either as varieties or unnamed forms. Con- 
sequently, R. trichophyllus appears as Ranunculus aquatilis var. capillaceus 
based upon the same type, and F. longirostris appears as R. circinatus, a 
name first applied to an Old World type. The group is a complex one capable 
of nearly as many interpretations as there are botanists. 


Type species, Ranunculus hederaceus I. 


Receptacle glabrous. 
Plant with some non-dissected floating leaves. 
Style in anthesis half as long as the ovary; leaves all shallowly 
lobed, none finely-dissected. 72. R. hederaceus, 


12 
Style in anthesis 2-3 times as long as the ovary; leaves dimorphous, 
the upper ones floating and deeply 3-parted, the lower ones 

‘ 


3. R. Lobbii. 


submersed and dissected into filiform divisions. 


Plant with no non-dissected floating leaves. 74D. R. aquatilis var. 
Receptacle hispid; style in anthesis not longer than the ovary. 

Achene beaks 0.2-0.5 mm. long. 74. R. aquatilis vars. 

Achene beaks 0.7—1.1 mm. long. 75. R. circinatus. 


72. RANUNCULUS HEDERACEUS L. Sp. Pl. 556. 1753. Batrachium heder- 
aceum S. F. Gray, Nat. Arr. Brit. P]. 2: 271. 1821. 

Aquatic in fresh water at low elevations; Europe; native or perhaps nat- 
uralized in Newfoundland and along the coastal plain in Chester County, 
Pennsylvania, along Chesapeake Bay, and (according to report) at Charles- 
ton, South Carolina (ef. W. B. Drew, Rhodora 38: 5—7. 1936). Late April to 
early summer. 

Type collection; ‘‘ Habitat in aquis vadosis, Angliae, Belgii.’’ R. heder- 
aceus L. var. hederaefolius Lawson, Trans. Roy. Soe. Canada 2(4) : 4445. 
1884, was based upon an Old World type, R. hederaefolius Salisb. Prodr. 
Stirp. 373. 1796. 


73. Ranuncutus Lopsu (Hiern) A. Gray, Proc. Am. Acad. 21: 364. 
1886. FR. Hydrocharis Spenn. f. Lobbii Hiern, Jour. Bot. Brit. & For. 2: 
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66. pl. 14.1871. R. hederaceus var. Lobbu. Brew. & Wats. Bot. Calif. 1: 5. 
1876. R. aquatilis L. var. Lobb. S. Wats. Bibl. Ind. N. Amer. Bot. 1: 17. 
1878. Batrachium Lobbu Howell, Fl. N. W. Am. 1: 13. 1897. 

Shallow vernal pools near sea level; Vancouver Island, British Columbia ; 
Corvallis, Oregon ; California from Sonoma and Lake counties and the Vaca 
Mountains to the Santa Cruz Mountains and Alameda County. Northwestern 
coniferous forest and oak woodland. Late February to early May. 

Type collection; ‘‘Oregon, W. Lobb. 1852. n. 249.”’ 


74. RANUNCULUS AQUATILIS L. Sp. Pl. 556. 1753. 
This polymorphic Old World species is represented in North America by 
four varieties, as follows : 


KEY TO THE VARIETIES 
Receptacle densely hairy, the hairs usually more or less tufted. 
Uppermost leaves filiform-disseected and submersed like the lower ones. 
Stems 1—2.5 mm. in diameter; stamens usually 10 or more. 


73 A. Var. capillaceus. 


Stems 0.4—1 mm. in diameter; stamens 5-8. 73 B. Var. eradicatus. 
Uppermost leaves (1-10 of them) not filiform-dissected, merely lobed, 

parted, or divided, floating. 73 C. Var. hispidulus. 

Receptacle glabrous or sparsely hairy and the hairs not tufted. 73 D. Var. calvescens. 


74A. RANUNCULUS AQUATILIS L. var. CAPILLACEUS (THUILL.) DC. Prodr. 
1: 26. 1824. R. trichophyllus Chaix, in Vill. Hist. Pl. Dauph. 1: 335. 1786. 
R. capillaceus Thuill. Fl. Par. Ed. 2. 1: 278. 1799. R. amphibius James, 
Long Exped. Rocky Mts. 1: 498. 1823. R. aquatilis L. var. brachypus Hook. 
& Arn. Bot. Beech. Voy. 316. 1840. Batrachium trichophyllum F. Schultz, 
Arch. Fl. France et All. 1: 107. 1848. R. aquatilis var. trichophyllus A. 
Gray, Man. Bot. Ed. 5. 40. 1867. R. hydrocharis Spenn. f. trichophyllus 
Hiern. Jour. Bot. Brit. & For. 9: 101. 1871. R. Porteri Britt. Bull. Torrey 
Club 17: 310. 1890. Batrachium Bakeri Greene ex Baker, W. Amer. PI. 1: 
7. 1902, nomen nudum. Batrachium Bakeri Greene, Leafi. Bot. Obs. & Crit. 
1: 95. 1904. Batrachium pedunculare Greene, Leafl. Bot. Obs. & Crit. 1: 
95. 1904. Batrachium aquatile (L.) Wimm. var. trichophyllum Frye & 
Rige. N. W. Fl. 169. 1912. Batrachium aquatile capillaceum Garrett, 
Spring Fl. Wasatch Reg. Ed. 3. 35. 1917. Batrachium Porteri Britt. in 
Rydb. Fl. Rocky Mts. & Adj. Plains 294. 1917. R. aquatilis var. Bakeri 
Jepson, Fl. Calif. 1: 544. 1932. R. aquatilis var. peduncularis Jepson, F 1. 
Calif. 1: 544. 1922. R. subrigidus W. Drew, Rhodora 38: 39. 1936. 

Glabrous or hispidulous aquatie perennials; roots 0.3-0.4 mm. in diam- 
eter; stems submersed, rooting adventitiously at the lowest nodes, 2-6 or 
rarely 20 dm. long and 1-2.5 mm. in diameter, branching, with large air 
chambers present in the cortex, the vascular system far in the interior, sur- 
face sometimes hispidulous; leaf blades all submersed and finely dissected 
into filiform divisions, usually but not necessarily collapsing when with- 
drawn from the water, 2—4 em. long, 3—5 em. broad ; petioles 0.2—-3 em. long, 
including the stipular leaf bases which are 2-5 mm. long (these often bor- 
dering the entire petiole and sometimes apically free from it) cauline leaves 
alternate; pedicels stout, 1-2 em. long in flower and 1.5-3 em. long in fruit, 
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glabrous; sepals 5, light green, spreading, ovate, 2-3 em. long, 1-1.8 mm. 
broad, glabrous, half the length of the petals, deciduous before the corolla; 
petals 5, white or the bases vellow, 4-8 mm. long, 1.5-2 mm. broad, the 
nectary scale glabrous, forming a shallow pocket or sometimes greatly re- 
duced ; stamens 5 or 10-25; achenes usually 10-20 in a globose cluster, each 
achene obovoid, 1-1.5 mm. long or rarely longer, 1-1.5 mm. dorsoventrally, 
0.5—-0.7 mm. laterally, roughly transversely-rigid, glabrous from the begin- 
ning or the pistils hispid and the achenes glabrate or with some hairs per- 
sisting on or near the dorsal sutures, margin rather sharp, the achene beak 
about 0.3 or rarely 0.5 mm. long; receptacle subglobose, 1 mm. long in flower 
and 1 mm. long in fruit, densely pubescent. 


Ponds and ditches and vernal streams and pools at low elevations along 
the coast and up to 1,000 or 1,800 meters elevation in the interior; Europe; 
Asia; Alaska to Labrador and southward to California (not in the humid 
coast forest), northern Mexico, Kansas, Kentucky, and the vicinity of New 
York City. Rare in New England. Spring or summer. 

The form with hairy pistils and glabrate or partly-hairy achenes occurs 
from Bering Strait, the Pribilof Islands, and the Yukon River watershed 
southward through the northern Great Basin and Great Plains to south- 
eastern California, northern Mexico, and Nebraska and eastward mostly 
north of the Canadian Boundary to Newfoundland, Vermont, and Maine. 
This form and the one with glabrous pistils occur together through large 
areas, but each has a large territory wherein it is the only form present. A 
robust form with achenes 2-2.5 mm. long occurs in Eastern Oregon and 
extreme northern California. The following specimens of this form are at 
the Gray Herbarium : Oregon: Prairie City, Henderson 5448 ; Shirk, Leiberg 
2586. CALIFORNIA: Buck Mountain, Humboldt County, California, Harris, 
Tracy and Yates 3453; Hat Creek, Shasta County, California, Eggleston 
7521. 

Type collections: (1) R. trichophyllus, ‘‘trichophyllus (mihi) Hall. 
1162: in rivulis limpidis, Valgaud. Devoluy.’’ For valid publication, the 
species depends upon the reference to Haller’s 1762, ‘‘RANUNCULUS caule 
fluitante, petiolis uniflorus, foliis capillaribus, laciniis divergentibus,’’ for 
Chaix gave no description of the plant. Haller’s references are capable of 
several interpretations, and there has been much confusion about them. 
However, as pointed out by Drew, Rhodora 38: 21-23. 1936, the common 
usage has been to attribute the name Ranunculus trichophyllus to the com- 
mon dissected-leaved plant of Switzerland and much of Europe. (2) R. 
capillaceus, based upon Haller 1162, and therefore upon the same type as 
R. trichophyllus. (3) R. amphibius, Platte River, west of the mouth of 
Portera’s Creek. This plant is the form with hairy pistils discussed above. 
A specimen is in the New York Botanical Garden. (4) Var. brachypus, ‘‘ Cali- 
fornia-Supplement. Where not otherwise mentioned, it is to be understood 
that the following species are from the collection of Mr. Douglas. They were 
presented by the Horticultural Society of London, in whose service Mr. 
Douglas was at the time he gathered them.’’ (5) R. Porteri, ‘‘Henry’s Fork, 
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No. 1062; Ranunculus, entirely immersed.’’ Eastern Idaho, according to 
Rydberg; Southwestern Wyoming, according to Britton. (6) B. Bakeri, 
‘*Pools among the hills of the Coast Range near Stanford University Cali- 
fornia, 8 May, 1902, C. F. Baker, distributed under n. 786.’’ Type seen at 
Notre Dame, but Hgr. No. not recorded. (7) B. pedunculare, Near Lakeport, 
Lake Co. | California], 9 May, 1902, C. F. Baker, distributed under n. 3062.’’ 
Type seen at Notre Dame, but HGr. No. not recorded. (8) R. subrigidus, 
‘““QueBec. .. . York River, July 29, 1905, Williams, Collins, & Fernald 
(TYPE in Gray Herb.). In addition to the names given in synonymy various 
new combinations of Old World names have been made in America 
(Batrachium aquatile pantothriz Piper Contr. U. S. Nat. Herb. 11: 270. 
1906, based upon R. pantothrix Brot. FI. Lusit. 2: 375. 1804; Batrachium 
aquatile flaccidum Cockerell in Daniels Fl. Boulder, Colo., 122. 1911 and 
R. aquatilis L. var. flaccidus Rob. in A. Gray, Syn. Fl. 1: 21. 1895, based 
upon R. flaccidus Pers. in Usteri, Ann. Bot. 5(14): 39. 1795; B. aquatile 
caespitosum Piper, Contr. U. S. Nat. Herb. 11: 270. 1906 and B. trichophyl- 
lum caespitosus Britt. & Brown, Il. Fl. 2: 84. 1897, based upon R. caespitosus 
Thuill. Fl. Env. Paris Ed. 2. 278. 1799; R. aquatilis L. var. Drouetii Lawson, 
Trans. Roy. Soe. Can. 2: 45. 1884, based upon R. Drouetui F. Schultz, Arch. 
Fl. France et All. 1: 107. 1848). R. divaricatus Schrank has been used also 
under various combinations for this plant. 

R. amphibius James (R. subrigidus Drew) is intermediate between R. 
aquatilis var. capillaceus and R. circinatus. 


74B. RANUNCULUS AQUATILIS var. ERADICATUS Laestad. N. Act. Reg. Soe. 
Scient. Ups. 11: 242. 1839. Batrachium eradicatum Fries, Bot. Notis. 114. 
1843, nomen nudum. B. confervoides Fries, Bot. Notis. 121. 1845. R. 
confervoides Fries, Summa Veg. Seand. 1: 139. 1845. R. paucistamineus 
Tausch var. borealis Beurl. Bot. Notis. 156. 1852. R. hydrocharis Spenn. f. 
confervoides Hiern, Jour. Bot. Brit. & For. 9: 102. 1871. R. aquatilis var. 
confervoides Lawson, Trans. Roy. Soe. Canada 2(4); 45. 1884. B. pauei- 
stomineum (Tausch.) F. Schultz var. eradicatum Gelert. Bot. Tidsskr. 19: 
28. 1894. R. aquatilis L. var. confervoides Rob. in A. Gray Syn. FI. 1: 21. 
1895. R. divaricatus Schrank var. eradicatus Williams Jour. Bot. Brit. & 
For. 46: 21.1908. R. flaccidus Pers. var. confervoides Hegi. Ill. Fl. Mittel- 
Eur. 3: 584. f. 708k. 1912. B. confervoides Rydb. F1. Rocky Mts. & Adj. 
Plains 294. 1917. R. paucistamineus var. eradicatus (Laest.) Gelert f. ter- 
restris Porsild, Meddel. Grnl. 58: 77. 1926. R. trichophyllus Chaix var. 
eradicatus W. Drew, Rhodora 38: 33. 1936. 

Stems 0.4-1 mm. in diameter; leaves all submersed and dissected into 
divisions 0.1 mm. broad and 34 em. long; petals 46 mm. long by 2 mm. 
broad ; stamens 5—8; achenes 1 mm. long, glabrous from the beginning. 

Stagnant water; cireumboreal; Arctic America in Alaska and the Yukon 
District and from Quebee to Labrador and Newfoundland; Greenland. A 
modified form continues southward into New England. Arctic-alpine grass- 
land and northern coniferous forest. July and August. 

Type collections: (1) Var. eradicatus. The following information was 
supplied by Dr. H. W. Rickett of the New York Botanical Garden ; ‘‘ No spe- 
cimen or collection mentioned. Habitat in shallow pools, and L. thought it 
originated by action of ice on plant of typical R. aquatilis. Various locations 
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in Torne Lappmark are given as examples.’’ The following is quoted from 
W. B. Drew, Rhodora 38: 45. 1936, ‘‘It is quite evident from Laestadius’s 
remarks that he believed the filiform and diminutive habit of the plants to be 
due to ice-action in pulling up the roots so that the new growth arose from 
fragments of the old. In other words, he regarded var. eradicatus as simply 
a variation, brought about by the rigors of a subarctic climate, of the usual 
dlissected-leaved European R. aquatilis.”’ (2) R. confervoides, ‘In aquosis 
Lapponiae et Finlandiae borealis. v. ¢. ad Ulaeborg, unde specimina a A, 
Nylander missa dedit Angstrom.’’ Type in the University Museum, Upsala. 
(3) Var. borealis, ** R. aquatilis eradicatus Laest. Batrachium aquatile eradi- 
catum Fr. Mant. 3.-B. confervoides Fr. in bot. notis, Herb. norm. fase. 13. 
n: ro 45.’’ (4) F. terrestris, ‘* At the border of a little lake in Blaesdalen 69° 
17 Disko . . . was just flowering Aug. 1913 (Th. P. !)’’ Thorbjorn Porsild. 
Disko Island, Greenland. 


74C. RANUNCULUS AQUATILIS var. HISPIDULUS E. Drew, Bull. Torrey Club 
16: 150. 1889. PR. aquatilis L. ‘‘form’’ heterophyllus A. Gray, Proce. Am. 
Acad. 21: 363. 1886. R. Grayanus Frevn, Deuts. Bot. Monatss. 8: 179. 
1890. Batrachium Grayanum Rydb. Fl. Rocky Mts. & Adj. Plains 294. 
1917. R. trichophyllus var. hispidulus W. Drew, Rhodora 38: 29. 1936. 

Upper portion of the stem floating ; floating leaves 1-10, simple, reniform, 
0.5-1 em. long, 1-3 em. broad, 3-lobed or deeply-parted, the lobes again forked 
or parted, the ultimate lobes rounded, the leaf proximally cordate and dis- 
tally rounded, sometimes hispidulous dorsally ; petals 4-6 mm. long. 

Ponds, ditches, and vernal streams and pools at low elevations along the 
coast and up to 1,000 or 1,800 meters elevation in the interior; Pacifie Slope 
from the Shumigan Islands, Alaska, to Monterey and Mariposa Counties, 
California; Cuyamaca Lake, San Diego County, California; occasional in 
Eastern Washington and Oregon and rare in Idaho, Montana, and Utah. 
Practically confined to the northwestern coniferous forest from which var. 
capilaceus is almost excluded April to July. 

Type collections: (1) ‘‘Form”’ heterophyllus, ‘‘The type of Linnaeus R. 
aquatilis being the form heterophyllus.’’ The Pacific Coast plant was taken 
by Gray to be typical R. aquatilis. (2) Var. hispidulus, Jarnigan’s, Hum- 
boldt County, Chestnut & Drew, July 21, 1888. (3) R. Grayanus, ‘* British 
Columbia. Teich bei Lytton, auf Granit in 80-100 m. See hohe. . . . July 
1887 (No. 331 p. p.)”’ 


74D. RANUNCULUS AQUATILIS var. calvescens (W. Drew) L. Benson, 
comb. nov. R. trichophyllus Chaix var. calvescens W. Drew, Rhodora 38: 
32. 1936. 

Achenes 1.5-1.8 mm. long, usually glabrous; receptacle glabrous or 
sparsely hairy, the hairs when present not densely-tufted ; otherwise like var. 
capillaceus. 

New Brunswick, Nova Seotia and New England; Cohasset, Herkimer 
County, New York; Keneewaw County, Michigan. Northern coniferous and 


northeastern hardwood forests. June to August. 
Type collection: *‘ MASSACHUSETTS: Cram’s River, Danvers, July 2, 1885, 
J. H. Sears. (Type in Gray Herb.)”’ 
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75. RANUNCULUS cIRCINATUS Sibth. Fl. Oxon. 175. 1794. Batrachium 
circinatum Spach. Hist. Nat. Veg. 7: 201. 1839. R. longirostris Godr. Mem. 
Roy. Soc. Nancy 39. f. 9. 1839. B. longirostre F. Schultz, Arch. Fl. France 
et All. 1: 71. 1842. R. hydrocharis Spenn. f. longirostris Hiern. Jour. Bot. 
Brit. & For. 9: 100. 1871. R. aquatilis L. var. longirostris Lawson, Trans. 
Roy. Soe. Can. 2: 45. 1884. R. usneoides Greene, Leafi. Bot. Obs. & Crit. 2: 
106.1910. B. cireinatum terrestre Lunell, Am. Midl. Nat. 4: 359. 1916. 


Aquatic in sluggish fresh water; Old World; Nevada and Montana to 
western Quebec, New Mexico, Arkansas, Tennessee, New Jersey, and Dela- 
ware; rare in New England. Summer. 

This species is connected with R. aquatilis var. capillaceus through a 
great many intergrading forms; R. amphibius James (R. subrigidus Drew). 
In works by American authors the following names based upon Old World 
types have been applied in various combinations: Ranunculus divaricatus 
Schrank; Ranunculus stagnatilis Wallr.; Ranunculus rigidus Roth. 

Type collections: (1) R. cirematus, ‘‘Christ-Church Meadow—South 
Leigh.’’ England. (2) R. longirostris, ‘‘In aquis fluentibus Americae 
Borealis prope Saint Louis, Missouri.’’ V. Riehl, June, 1838. (3) R. usneoides, 
‘Lake City, Arkansas, collected by Mr. A. H. Howell, 1 May, 1910.’’ (4) 
B. circinatum terrestre, ‘‘A form growing on low land where water once 
was, but later dried up. Leeds.’’ North Dakota, Lunell. 


SUBGENUS VII. PALLASIANTHA L. BENSON 


76. RANUNCULUS PALLASH Schlect. Animad. Ranune. 1: 15. pl. 2. 1820. 

Shallow water near sea level; Bering Sea region and northern Alaska; 
eastern shore of Hudson Bay, lat. 60° 42’ and Port Harrison, Quebec. Arctic- 
alpine grassland. July and August. 

Type collection: ‘* Habitat in littore oecidentali Americae summae arcti- 
cae in sinubus scilicet Esehscholtzii et bonae spei inque insula St. Georgii 
parva insula ultra insulas Aleuticas septentrionem versus sita (de 
Chamisso).’’ 


SUBGENUS VII. COPTIDIUM (NYM.) L. BENSON 


77. RANUNCULUsS LAPPONICUS L. Sp. Pl. 553. 1753. Coptidium lapponi- 
cum Beurl. in Gand. Fl. Eur. 234. 1883. Anemone nudicaulis A. Gray, Bot. 
Gaz. 11: 17. 1886. 

Bogs, at low elevations; Europe; Asia; Alaska to Labrador and Green- 
land and south to northern Minnesota, Ontario, and Maine (Aroostock 
River). Arctic-alpine grassland and northern coniferous forest. Summer. 

Type collections: (1) R. lapponicus, ‘*‘ Habitat in Alpibus Lapponiecus.’’ 
(2) A. nudicaulis,‘* Which grows in bogs and on banks near the water at Sand 
Bay | Lake Superior region], Minnesota, very near lat. 48°, and in or near 
the Canadian Boundary . . . specimen sent to me in a letter, dated August 
8, 1870, from Mr. Joseph C. Jones, then of the U. 8S. Steamer Search.’’ 
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SUBGENUS IX. FICARIA (HUDS.) L. BENSON 


78. RANUNCULUs FIcaRIA L. Sp. Pl. 550. 17538. Ficaria verna Huds. FI. 
Angl. Ed. 1. 214. 1762. Ficaria ranunculoides Moench, Meth. 215. 1744. 
Ficaria Ficaria Karst. Pharm. Med. Bot. 565. 1880. 

Moist land at low elevations; commonly a pasture weed; Europe; intro- 
duced along the coast in Massachusetts, on Long Island, in eastern Pennsvyl- 
vania, at Washington, D. C., and in adjacent Maryland. April and May. 

Type collections: (1) R. FPiearia, ** Habitat in Europae ruderalis, um- 
brosis, spongiosis.”’ (2) F. verna, based upon R. Ficaria. (3) F. ranuncu- 
loides, based upon R. Ficaria. 
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UNDESCRIBED PLANTS FROM MEXICO 
AND CENTRAL AMERICA' 


C. L. LUNDELL 


Krom the Yucatan Peninsula and Chiapas eighteen novelties are described 
in twelve families. Of particular interest are two new trees in Symploco- 
carpon, one from British Honduras and the other from Chiapas; this genus 
of the Theaceae, proposed in 1937, now has eight representatives in Mexico 
and Central America. Two species, described in the subgenera Chamaecrista 
and Peiranisia, are transferred to Cassia; a slender vine, Bradburya uni- 
foliata Rose, recently found in the Yucatan Peninsula, is placed in Cen- 
trosema, a conserved genus. Along with a record of Ammannia Koehnei 
Britton from Yucatan, A. dentifera A. Gray is relegated to a varietal status 
under Rotala ramosior (L.) Koehne. 


Celtis petenensis Lundell, sp. nov. Arbor parva, ramulis pilosis. Folia 
petiolata, membranacea, ovata vel ovato-lanceolata, 2.5-8.5 em. longa, 1.6— 
4 em. lata, apice acuminata, basi acuta vel rotundata, serrata, trinervia, 
utrinque parce pilosa. Inflorescentiae cymosae, axillares, ad 1 em. longae, 
pilosae. Fructus ellipsoideus. 

A slender tree, 6-10 m. high, branchlets very slender, short pilose, the 
hairs incurved. Petioles slender, canaliculate, pilose, 3-7 mm. long. Leaf 
blades thinly membranaceous, dark green above, paler beneath, ovate or ovate- 
lanceolate, 2.5-8.5 em. long, 1.6-4 em. wide, apex acuminate, base oblique, 
acute or rounded, sometimes rounded and abruptly acutish, sharply serrate 
except at base, trinerved, the veins impressed above, conspicuous beneath, 
sparsely but persistently pilose on both surfaces, the hairs coarsest above, 
densest along the primary veins. Inflorescence cymose, up to 1 em. long, the 
peduncle scarcely evident, apparently bearing hermaphrodite flowers at 
apex of cyme, the male below. Fruiting pedicels nodose, subequaling to 
slightly longer than petioles, very slender, short pilose. Drupes ellipsoid, with 
a ring of hairs at base and a few hairs at apex around the stigma, otherwise 
elabrous. 


GUATEMALA—PETEN : Lake Yaxha, on ruins of Topoxté, in ramonal, June 
19, 1933, C. L. Lundell 4306 (type in the University of Michigan Her- 
barium), a slender tree, 6 to 10 m. high. 


C. petenensis is allied to C. Swartzii Planch. of the West Indies, a tree 
with glabrous leaves. The species has been reported as C. trinervia Lam. 
(Lundell, Carnegie Inst. Wash., Publ. 478: 58. 1937). A sterile specimen, 
Bartlett 12574 from Uaxactun, probably is referable here. 


1 Papers from the University of Michigan Herbarium. The study has been supported 
in part by funds from the Horace H. Rackham School of Graduate Studies of the Uni- 
versity of Michigan. 
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Neea hirtella Lundell, sp. nov. Frutex, ramulis puberulo-hirtellis. 
Folia puberulo-hirtella, petiolata, chartacea, elliptica vel oblongo-elliptica, 
3-8 em. longa, 1.5-4.2 em. lata, apice subabrupte subacuminata, basi acuta 
vel rotundata. Flores feminei cymoso-paniculati, paniculis parvis, rufo-pub- 
erulis, floribus sessilibus vel pedicellatis, pedicellis ad 2.5 mm. longis. 


Perianthium tubulosum, ca. 3 mm. longum, rufo-puberulum. Staminodia 7. 


A shrub, about 1 m. high; branches terete, persistently short hirtellous; 
branchlets rather slender, drying blackish, usually with short internodes, 
rufo-hirtellous, the hairs incurved. Petioles short hirtellous, 2.5-11 mm. long. 
Leaf blades vellowish-green, sublucid on upper surface, slightly paler be- 
neath, chartaceous, persistently short hirtellous on both surfaces or sub- 
vlabrescent above with age, elliptic or oblong-elliptic, 3-8 em. long, 1.5-4.2 
em. wide, apex subabruptly short acuminate, the acumen acute or obtusish, 
base acute or rounded, costa plane or nearly plane above, prominent beneath, 
primary veins 6 to 8 on each side, slender, veinlets inconspicuously reticulate. 
Pistillate inflorescence rufo-puberulent, small; the peduncle slender, up to 
9 em. long (in fruit). Pistillate flowers rufo-puberulent, sessile or borne on 
pedicels up to 2.5 mm. long, subtended by 3 linear-lanceolate bractlets about 
1 mm. long; perianth tubular, scarcely 3 mm. long, 5-dentate. Staminodia 7. 
Ovary 1-celled with 1 erect ovule; stigma penicillate. Young fruits ellipsoid, 
about 9 mm. long, sparsely rufo-puberulent, dark red. 


Mexico—yvucaTAaN : Chichen Itza, in low thicket between the Castillo and 
Sacred Cenote, June 6, 1938, C. L. Lundell & Amelia A. Lundell 7422 (TYPE 
in the University of Michigan Herbarium), a shrub, about 1 m. high, fruits 
ellipsoid, dark red; same locality, in forest, June 15, 1932, W. C. Steere 
1307. 

N. hirtella is characterized primarily by the minute but persistent 
pubescence. Its affinity is with N. choriophylla Standl., described from the 


same region. 


Ocotea Matudai Lundell, sp. nov. Arbor, ramulis glabris, subatris. 
Folia petiolata, subeoriacea, lanceolata vel oblongo-lanceolata, 7-15 em. longa, 
2.6—5.5 em. lata, apice obtusa, basi acuta, reticulata, supra glabra, lucida, 
subtus (axillis barbatis exceptis) glabra. Inflorescentiae cormyboso-pani- 
culatae, puberulae, ad 7 em. longae. Flores hermaphroditi. Filamenta 
antheras breviora. Antherae parvae, truncatae. Staminodia stipitiformia, 
gvlabra. Ovarium glabrum. 

A tree, 7 m. high, branchlets slender, angled at first, glabrous. Petioles 
vlabrous, canaliculate, 8-15 mm. long. Leaf blades subcoriaceous, shining, 
paler beneath, lanceolate or oblong-lanceolate, 7-15 em. long, 2.6-5.5 em. 
wide, apex obtuse, base acute, costa plane above, prominent beneath, primary 
veins 6 to 9 on each side, prominulous on both surfaces, veinlets reticulate, 
barbate beneath in the axils of the primary veins, glabrous otherwise. In- 
florescences corymbose-paniculate, branched to the base, up to 7 em. long, 
puberulent. Flowers perfect, about 7 mm. in diam., white, puberulent; 
pedicels slender, up to 4 mm. long. Perianth tube scarcely evident; lobes 
elliptic-oblong, about 2.5 mm. long, obtuse, puberulent on both surfaces. 
Receptacles pubescent. Stamens 9, not over 1.3 mm. long; filaments slightly 
shorter than anthers, glabrous; anthers 4-celled, ovate-oblong, apex truncate 
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and very shallowly emarginate, base sharply contracted into filament, cells of 
series I and II introrse; glands of series III rather small, sessile. Staminodia 
stipitiform, glabrous. Ovary glabrous, equaling style. 


MeExico—cuHIApas: Mt. Ovando, western slope, alt. 1800 m., July 1-16, 
1940, Fizi Matuda 4221 (Type in the University of Michigan Herbarium) ; 
same locality, north slope, alt. 1300 m., Matuda 4188. 


Capparis yucatanensis Lundell, sp. nov. Frutex, ramulis stellato- 
tomentellis, vinaceis, angulatis. Folia petiolata, chartacea, supra lucida 
glabra, subtus albido-stellato-tomentella, areolata, obovata, obovato-elliptica, 
vel elliptica, 3-6 em. longa, 2.2-4.3 em. lata, apice abrupte acuminata vel 
acuta, basi obtusa. Inflorescentiae umbellatae, supra-axillares, pedunculatae. 
Pedicelli tomentelli, ad 6 mm. longi. Fructus oblongo-ellipsoideus, albido- 
stellato-pubescentibus, stipitatus. 


An arborescent shrub, about 4 m. high; branchlets usually short, angulate, 
slender, at first vinaceous tomentellous with minute stellate hairs. Petioles 
canaliculate, whitish tomentellous, 4-10 mm. long. Leaf blades chartaceous, 
lucid and glabrous above, white tomentellous beneath with soft minute stel- 
late hairs, obovate, obovate-elliptic, or elliptic, 3-6 em. long, 2.2-4.3 em. 
wide, apex abruptly short acuminate or acute, base obtuse, costa and veins 
plane above, conspicuous beneath, primary veins 3 to 5 on each side, areolate 
beneath, the veinlets minutely and conspicuously reticulate. Inflorescence 
umbellate, solitary, supra-axillary, with only one flower developing; 
peduncles tomentellous, 4-7 mm. long; pedicels tomentellous, those of fruits 
rather stout, up to 6 mm. long. Calyx tomentellous, the calyx lobes 1-seriate. 
Fruits oblong-ellipsoid, white tomentellous, borne on stipes up to 4 mm. 
long. 


Mexico—yvucaTaNn : Chichen Itza, off Kaua road in advanced deciduous 
forest, June 8, 1938, C. L. Lundell & Amelia A. Lundell 7452 (TYPE in the 
University of Michigan Herbarium), an arborescent shrub, about 4 m. high. 

C. yucatanensis has affinity to C. incana H.B.K. The plant is characterized 
by its predominantly obovate leaves conspicuously reticulate veined beneath. 


Crataeva glauca Lundell, sp. nov. Arbor parva, glabra. Folia tri- 
foliolata, petiolata ; foliola membranacea, glauca, elliptica, oblongo-elliptica, 
lanceolata, vel obovata, 3.5—10.5 em. longa, 1.7-4.8 em. lata, apice subabrupte 
acuminata, basi cuneata vel acutiuscula. Inflorescentiae terminales, corym- 
bosae. Sepala 4, lineari-lanceolata, 4-7 mm. longa. Petala 4, lamma anguste 
oblongo-elliptica, 2.3-5 mm. lata, ad 12 mm. longa. Fructus globosus, ad 3.8 
em. diam. 

A small tree, up to 7 m. high, 30 em. in diam., glabrous; branchlets 
rather stout, with conspicuous scattered lenticels. Leaves 3-foliolate ; petioles 
slender, up to 9.5 em. long; petiolules short, usually 1.5 to 3 mm. long, rarely 
as much as 6.5 mm. long. Leaflets membranaceous, glaucous beneath, elliptic, 
oblong-elliptic, lanceolate, or the terminal leaflet sometimes obovate, usually 
3.5 to 7.5 em. long, sometimes up to 10.5 em. long, 1.7 to 4.8 em. wide, apex 
subabruptly acuminate, the acumen usually short, terminal with cuneate 
base, lateral unequal-sided and acutish, primary veins 6 or 7 on each side, 
prominulous beneath. Inflorescence a terminal leafy corymbose raceme; 
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pedicels slender, 2.8 to 5.8 em. long. Sepals 4, linear-lanceolate, 4 to 7 mm. 
long, unequal, acuminate, slightly constricted above base. Petals 4; claw up 
to 1 em. long; blade narrowly oblong-elliptic, 2.3 to 5 mm. wide, up to 12 mm. 
long. Receptacle conspicuously elevated in center. Stamens 16 to 22; fila- 
ments up to 5 em. long; anthers linear, 6 to 7 mm. long. Gynophore up to 5.5 
em. long. Fruits globose, up to 3.8 em. in diam. 


MexiIcoO—CAMPECHE: Palizada, swampside, July 25-28, 1939, Eizi Matuda 
3863 (TYPE in the University of Michigan Herbarium), a small tree, 7 m. 
high, 30 em. in diam., flowers greenish-vellow, vernacular name crusita, 
TABASCO: Boca del Cerro on the Usumacinta River, swampside, July 1-5, 
1939, Matuda 3533, a tree, 5 m. high, 25 em. in diam. yucATAN: km. 20, 
Merida-Progreso road, in thicket, July 27, 1938, C. L. Lundell & Amelia A. 
Lundell 8142, a tree, about 5 m. high, 15 em. in diam., vernacular name 
kolokmasr; Calotmul, G. FP. Gaumer 1679. QUINTANA ROO: Coba, in forest 
covering the ruins, June 26, 1938, Lundell and Lundell 7632, a tree, about 
6.5 m. high, 10 em. in diam., fruits globose. British Honpuras: El Cayo Dis- 
trict, Little Coequericot, Belize River, April 16, 1933, C. L. Lundell 4189. 


(". glauca is nearest C. gynandra L. The small acuminate leaflets con- 
spicuously glaucous on undersurface, the shorter petiolules, the larger sepals 
and petals, and fruits about 3.8 cm. in diameter distinguish it from that 
species. In the interpretation of (. gynandra, | have followed Faweett and 


Rendle (Fl. Jam. 3: 235. 1914). 


C. Tapia L., which occurs in British Honduras (Schipp 1150), has non- 
glaucous leaflets and considerably larger flowers with the receptacle only 
slightly elevated. 


Cassia (Chamaecrista) itzana Lundell, sp. nov. Frutex, ramulis gracili- 
bus, pilosis. Stipulae ovatae, ad 8 mm. longae, 4 mm. latae, acuminatae. 
Foliola 5—13-juga, lineari-oblonga, 4-10 mm. longa, 1.2-3 mm. lata, supra 
glabra, subtus juventate pilosa, ciliata. Pedicelli ad 2.2 em. longi. Sepala 
lanceolato-oblonga, apiculata, 6-8 mm. longa. Petala cuneato-obovata, ad 
13 mm. longa. Legumen lineari-oblongum, ad 5.5 em. longum, 4.2 mm. 


latum. 

A low shrub, less than 1 m. high, branchlets slender, wiry, soft pilose, the 
hairs slightly incurved. Stipules conspicuous, prominently veined, ovate, up 
to 8 mm. long, 4 mm. wide, long acuminate, ciliate. Petiole bearing a small 
subsessile gland, the petiole and rachis together up to 3 em. long, sparsely 
pilose. Leaflets chartaceous, 5 to 13 pairs, linear-oblong, 4 to 10 mm. long, 
1.2 to 3 mm. wide, apex obliquely short aristulate, the costa submarginal, 
costa and veins conspicuous, glabrous above, at first pilose on under surface, 
persistently ciliate. Pedicels filiform, long pilose, up to 2.2 em. long; bractlets 
subapical, lanceolate. Sepals lanceolate-oblong, 6 to 8 mm. long, incon- 
spicuously veined, pilose. Petals cuneate-obovate, the largest 13 mm. long. 
Legume linear-oblong, up to 5.5 em. long, 4.2 mm. wide, sparsely pilose. 


MeExico—yucaATAN: Progreso, east of port, in scrub on low sand dunes, 
July 23, 1938, C. L. Lundell & Amelia A. Lundell 8055 (Type in the Uni- 
versity of Michigan Herbarium), a low shrub, corolla vellow; same locality, 
west of port, in scrub on low sand dunes, July 17, 1938, Lundell & Lundell 
7959, prostrate perennial, corolla vellow; kilometer 29, Merida-Progreso 
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road, in cleared marshy flats, July 26, 1938, Lundell & Lundell 8127, a 
shrub, about 60 em. high, corolla yellow ; Progreso, sandy plain behind beach, 
Aug. 11-15, 1932, W. C. Steere 3100. 


(’. itzana, referable to the tristiculae of the genus Chamaecrista accord- 
ing to Britton and Rose (N. Am. Fl. 23: 270. 1930), is clearly allied to C. 
jalapensis (Britton) Lundell. The two sharply diverge in size of flowers and 
in number and size of leaflets. 


Cassia jalapensis (Britton) Lundell, comb. nov. Chamaecrista jala- 
pensis Britton, N. Am. Fl. 23: 274. 1930. 


Cassia yucatanensis (Britton & Rose) Lundell, comb. noy. Petranisia 
yucatensis Britton & Rose, N. Am. F]. 23: 263. 1930. 


Centrosema unifoliatum (Rose) Lundell, comb. nov. Bradburya uni- 
foliata Rose. Contr. U. S. Nat. Herb. 8: 45. 1903. 


MEXICO—QUINTANA ROO: Coba, in savanna, July 1, 1938, C. L. Lundell & 
Amelia A. Lundell 7746, a perennial herbaceous vine, corolla lavender. 
TABASCO: Estapilla, near Tenosique, in savanna, June 27, 1939, Eizi Matuda 
3498, a vine, corolla blue. 

Mr. C. V. Morton, who has examined a specimen of the Matuda collection, 
refers the Tabasco material to this species. The banner in both the collee- 
tions is more than twice as large as described by Rose. 


Lonchocarpus Xuul Lundell, sp. nov. Frutex vel arbor parva, ramulis 
juventate parce sericeis. Folia 5—9-foliolata; foliola chartacea, glabra, ob- 
longa, elliptica, vel ovata, 4-6 em. longa, raro 3-11 em. longa, 1.3-4.5 em. 
lata, apice late obtusa, subacuminata, retusa, basi rotundata, petiolulis 3-4 
mm. longis. Inflorescentiae racemiformes pauciflorae, rachi 2-6 em. longa, 
parce sericea. Calyx late cupulatus, subinteger, 3 mm. altus, 5-6 mm. diam. 
Corolla parce sericea, vexillum suborbiculare, apice bilobatum, basi late 
cuneatum, ca. 10.2 mm. longum, 12 mm. latum. Ovarium lineare sericeum, 
ovulis 4 vel 5. Legumen 1—4-spermum. 

A shrub, or tree up to 10 m. high, 20 em. in diam., branchlets rather 
slender, at first sparsely short sericeous. Leaves 5- to 9-foliolate; the rachis 
slender, canaliculate, at first sparsely sericeous-puberulent, up to 9 em. 
long. Leaflets chartaceous, pallid; the petiolules 3 to 4 mm. long, sparsely 
substrigillose at first ; the blades oblong, elliptic, or ovate, usually 4 to 6 em. 
long, sometimes 3 to 11 em. long, 1.3 to 4.5 em. wide, apex broadly obtuse, 
usually subacuminate, the acumen retuse, base rounded or sometimes acutish, 
usually slightly oblique, epunctate, sparsely strigillose above along costa, 
sparsely strigillose beneath, entirely glabrous with age, costa impressed 
above, prominent beneath, primary veins 7 to 9 on each side, prominulous 
beneath, inconspicuous above. Racemes appearing with the leaves, solitary 
at the nodes of young branchlets; the rachis rather sparsely sericeous with 
silvery hairs, 2 to 6 em. long in flower, rarely up to 13.5 em. long in fruit; 
peduncles and pedicels sparsely short sericeous, the peduncles solitary, 
biflorus, 2 to 2.3 mm. long, the pedicels about 1.5 mm. long. Bractlets oblong- 
elliptic, 1.3 mm. long. Calyx broadly cupulate, 3 mm. long, 5 to 6 mm. in 
diam., sparsely short sericeous. Standard petal dark green outside with 
purple margin, purplish within, rather sparsely short sericeous, suborbicular, 
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about 10.2 mm. long, 12 mm. wide, conspicuously bilobed at apex, base 
broadly cuneate, without basal lobes but appendaged within, the claw broad, 
short, only about 1.3 mm. long. Wings purplish, adhering to carina, oblique, 
rounded-auriculate, rounded at apex, claw 3 mm. long, blade 8 mm. long, 
4mm. wide. Carinal petals purplish, apex rounded and ciliolate, base acutish, 
not auriculate, the claw 3.5 mm. long, the blade 7 mm. long, 3.2 mm. wide, 
apical portion of wings and carinal petals sparsely sericeous, glabrous other- 
wise. Staminal tube glabrous, the vexillar stamen free at base. Ovary linear, 
cano-sericeous, 4- or 5-ovulate; stvle geniculate. Legume 1- to 4-seeded, 
slender stipitate, glabrous at maturity, up to 8 em. long, 1.8 em. wide, usually 
constricted between the seeds, the carinal suture flat, slightly broadened 
at the seeds, the vexillar suture thick, concave, about 6.5 mm. wide, narrowly 
winged on both sides (similar to legume of L. sericeus (Poir.) H.B.K.). 


Mexico—yvcatTan ;: Pisté-Yokdzonoot road, in advanced deciduous forest, 
July 11,1938, C. L. Lundell & Amelia A. Lundell 7864 (Tyre in the University 
of Michigan Herbarium), a tree, about 7 m. high, 7.5 em. in diam., vernacular 
name kanruul; near Xocenpich, in second growth, June 4, 1938, Lundell & 
Lundell 7353, a shrub, about 2 m. high; same locality and date, Lundell & 
Lundell 7356, a shrub, 1 m. high, standard petal dark green outside with 
purple margin, purplish within, wings and carinal petals purplish, verna- 
cular name ruul; Chichen Itza, off Kaua road, in advanced deciduous forest, 
June 9, 1938, Lundell & Lundell 7475, a tree, about 10 m. high, 25 em. in 
diam., corolla purple and green; same locality, June 9, 1938, Lundell & Lun- 
dell 7481, a tree, 8 m. high, 10 em. in diam. ; same locality and date, Lundell 
& Lundell 7482, a treelet, 4 m. high. Britis: HonpurAs: Corozal District, in 
high ridge, 1931-1932, Percy H. Gentle 447, a tree, 7.5 em. in diam., verna- 
cular name turtle-bone ; Corozal-Pachacan road, in high ridge, Aug. 11, 1933, 
C.L. Lundell 4832, a tree, 10 em. in diam., vernacular name turtle-bone. 


L. Xuul is referable to the subgenus Neuroscapha, series Sericiflori as 
delimited by Pittier (Contr. U. S. Nat. Herb. 20: 37-93. 1917). It appears 
to be nearest L. constrictus Pittier. 

The Motul Dictionary lists a cud tree which may be this species. 


Trichilia yucatanensis Lundell, sp. nov. Arbor, ramulis substrigillosis 
et minute puberulis. Folia petiolata, minute puberula; foliola 3-7, raro 8, 
lanceolato-oblonga vel elliptico-oblonga, 3-15 em. longa, 1.5-6.3 em. lata, 
apice subabrupte acuminata, basi acuta, petiolulis ca. 4 mm. longis, raro 1 
em. longis. Inflorescentiae axillares, usque ad 8 em. longae, substrigillosae 
et minute puberulae. Pedicelli 1.5-3 mm. longi. Calyx strigillosus. Corolla 
minute strigillosa, ca. 4 mm. longa, lobis triangulari-ovatis. Filamenta in 
tubum cylindricum 2.5 mm. longum connata, pilosa. Ovarium strigosum. 
Capsula obovoideo-ellipsoidea, ad 2 em. longa, strigillosa. 

A tree, up to 20 m. high, 35 em. in diam., branchlet, petiole, and inflores- 
cence substrigillose and minutely puberulent. Leaves usually odd-pinnate, 
the rachis densely but very minutely puberulent, the rachis and petiole 3 to 
9 em. long. Petiolules usually about 4 mm. long, rarely 1 em. long. Leaflets 
alternate or subopposite, usually 3 to 7, rarely 8, lanceolate-oblong or elliptic- 
oblong, 3 to 15 em. long, 1.3 to 6.3 em. wide, apex subabruptly acuminate, the 
acumen usually obtusish, base acute, often inaequilateral, margin revolute, 
minutely and sparsely puberulent on upper surface, at first very sparsely 
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strigillose along costa on under surface and obscurely puberulent, primary 
veins 13 to 15 on each side, slender, prominulous beneath. Inflorescence axil- 
lary, paniculate, up to 8 em. long, rather laxly flowered. Pedicels 1.5 to 3 
mm. long, jointed at or below the middle. Calyx strigillose, about 1 mm. high, 
the lobes triangular, acutish. Corolla minutely strigillose, about 4 mm. long, 
united to the middle, the lobes triangular-ovate, acutish. Staminal tube 2.5 
mm. long, pilose within, with a few hairs on the outside; anthers sessile, in- 
serted at the bases of the sinuses, the lobes between the anthers filiform above 
middle. Ovary strigose. Capsule obovoid-ellipsoid, up to 2 em. long, densely 
strigillose. 


MExIcO—CAMPECHE: Tuxpena, Dee. 10, 1931, C. L. Lundell 1041 (TYPE 
in the University of Michigan Herbarium), a tree, 8 m. high; Monterrey, 
near Tuxpena, Jan. 23, 1932, Lundell 1240, a tree, 20 m. high, vernacular 
name mordal, 


The species, long confused with T. moschata Sw. of Jamaica, is abundant 
in the sapodilla forest of Campeche, northern Petén, eastern Tabasco, and 
British Honduras. From 7. moschata, to which it has closest affinity, 7. yuca- 
tanensis may be distinguished by its pilose staminal tube, flowers almost 
twice as large, longer pedicels, and minute heterotrichous indument. The 
leaf rachis and petiolule are consistently puberulent in all the specimens 
from the peninsula. 


Symplococarpon flavifolium Lundell, sp. nov. Arbor parva, ramulis 
parce sericeis. Folia petiolata, flavida, chartacea, glabra, oblonga vel anguste 
elliptica, 4-7.5 em. long, 1.5—-2.5 em. lata, apice obtusa, basi cuneata, margine 
serrulata. Flores ut videtur 1—3 in fasciculis axillaribus; pedicelli fruetiferi 
glabri, recurvi, ad 11 mm. longi, bracteolis 2. Fructus ellipsoideus, sublig- 
neus, ca. 1.5 em. longus, 1.1 em. diam., calyce stylisque persistentibus coro- 
hatus, apice excepto glaber, bilocularis, 1—3-spermus. 

A tree, 5 m. high, 15 to 20 em. in diam.; branchlets slender, short, at first 
sericeous, drying blackish. Youngest leaves drying black, the petioles and 
undersurface of blades sparsely sericeous, mature leaves glabrous. Petioles 
eanaliculate, 2 to 6.5 mm. long. Leaf blades chartaceous, vellowish, lucid 
above, oblong or narrowly elliptic, 4 to 7.5 em. long, 1.5 to 2.5 em. wide, apex 
usually obtuse, rarely obtusely subacuminate, the tip minutely notched, base 
cuneate, costa slightly impressed above, prominent beneath, primary veins 6 
to 9 on each side, slender but prominulous on both surfaces, veinlets reticu- 
late, most conspicuous above, margin serrulate. Flowers fasciculate, axillary, 
the fascicles apparently 1- to 3-flowered. Fruiting pedicels slender, recurved, 
up to 11 mm. long, the apical bracteoles alternate or subopposite, sparsely 
appressed hairy. Fruits indehiscent, ellipsoid, about 1.5 em. long, 1.1 em. 
diam., crowned by the 5 persistent calyx lobes; apical superior part hirsute ; 
2-celled, 1- to 3-seeded. 


Mexico—cuiAPAs: Las Cadenas near Eseuintla, Jan., 1938, Eizi Matuda 
1883 (TYPE in the University of Michigan Herbarium), a tree, 5 m. high, 
15 to 20 em. in diam.; Mt. Ovando, April 5, 1936, Matuda 696. 


Both of the collections are in fruit, and disposition of the material has 
been a puzzle to the writer for over three years. S. flavifolium appears to be 
nearest S. multiflorum Kobuski. The oblong obtuse yellowish chartaceous 
leaf blades conspicuously reticulate veined, the sericeous indument of the 
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voung parts, and the hirsute superior portion of the ovary are distinguishing 
characteristics. 


Symplococarpon lucidum Lundell, sp. nov. Arbor parva, glabra. 
Folia petiolata, membranacea vel chartacea, supra lucida, elliptico-oblonga, 
oblanceolata, vel lanceolata, 4-10 em. long, 24.3 em. lata, apice obtuse 
acuminata, basi cuneata, margine crenato-serrata. Flores ad 9 in fasciculis 
axillaribus; pedicelli glabri, recurvi, bracteolis 2, oppositis vel suboppositis. 
Hypanthium glabrum, calycis lobis 5, ciliolatis. Petala 5. Stamina 28 vel 30. 
Ovarium fere totum inferius, biloculare, ovarii parte superiore hirsuta ; styli 
2, liberi. 

A tree, 17.5 em. in diam., buds white strigillose, entirely glabrous other- 
wise; branchlets slender, wiry, reddish. Petioles shallowly canaliculate, 
rather stout, 2.5 to 4.5 mm. long. Leaf blades membranaceous or chartaceous, 
usually shining above, vellow-green, elliptic-oblong, oblanceolate, or lanceo- 
late, 4 to 10 em. long, 2 to 4.3 em. wide, apex obtusely acuminate, base 
cuneate, costa plane above, prominent beneath, primary veins 6 to 9 on each 
side, prominulous, veinlets reticulate, the reticulation prominulous beneath, 
less conspicuous above, margin rather remotely crenate-serrate. Flowers fas- 
ciculate, axillary, the fascicles up to 9-flowered ; pedicels (of buds) slender, 
up to 1 em. long, usually recurved, bearing two opposite or subopposite 
bracteoles at apex, the bracteoles ovate, 0.6 to 0.8 mm. long, ciliolate. Hypan- 
thium glabrous. Calyx lobes 5, imbricate, depressed-orbicular, ciliate. Petals 
5. Stamens 28 or 30; anthers tapering at apex into a subulate mucro. Supe- 
rior portion of ovary sparingly hirsute. Styles 2, free. Ovary inferior, 
2-celled, with 2 or 3 ovules in each cell. 


British Honpuras: Stann Creek District, Stann Creek Valley, Mountain 
Cow Ridge, in high ridge, Mar. 10, 1940, Percy H. Gentle 3248 (Type in the 
University of Michigan Herbarium), bark dark green, wood pink, vernacular 
names pasa macho, wild raisin male. 


Although the material is in bud only, it obviously represents an unde- 
scribed species closely allied to S. multiflorum Kobuski. The thin leaf blades 
with rather remote crenatures distinguish S. lucidum. 

Kobuski in his recent treatment of the genus (Journ. Arn. Arb. 22: 188. 
1941) states in the generic description ‘‘ovules solitary in each eell.’’ The 
ovary of S. lucidum has 2 or 3 ovules in each cell, and in 8S. multiflorum 
(Stork 2305) no less than 7 ovules are present in some cells. 


Hypericum Matudai Lundell, sp. nov. Frutex glaber. Folia petiolata, 
chartacea, pellucido-punctata, oblonga vel lanceolato-oblonga, 1—3.2 em. 
longa, 0.6—1.4 em. lata, apice rotundata, basi acutiuscula, biauriculata. In- 
florescentiae cymosae. Pedicelli 3-5 mm. longi. Sepala 5, striata, ovato- 
elliptica, 2.5-3 mm. longa. Petala oblonga, ad 7 mm. longa, 2.6 mm. lata. 
Stamina 9, fasciculata. Ovarium 3-loculare. Capsula ca. 4 mm. longa. 

A glabrous shrub, branchlets slender, short, crowded, with very short 
internodes. Petioles canaliculate, up to 3.5 mm. long. Leaf blades chartaceous, 
pellucid-punctate, oblong or lanceolate-oblong, 1 to 3.2 em. long, 0.6 to 1.4 
em. wide, apex rounded, base acutish and decurrent, biauriculate, the 
auricles ineurved, essentially entire, primary veins usually 4 on each side, 
inconspicuous. Inflorescence cymose, the cymes up to 3.5 em. long; bractlets 
lanceolate, up to 2.5 mm. long, acuminate, minutely denticulate. Pedicels 
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slender, thickened above, 3 to 5 mm. long. Sepals 5, striate, ovate-elliptic, 
2.5 to 3 mm. long, minutely denticulate-ciliolate, rounded at apex. Petals 
oblong, up to 7 mm. long, 2.6 mm. wide. Stamens 9, in fascicles of three, the 
fascicles alternating with glands; filaments up to 4 mm. long. Styles 3, 
slender. Ovary 3-celled. Capsule about 4 mm. long. 


Mexico—cuapas: Mt. Paxtal, Dee. 29, 1936, Eizi Matuda 499 (TYPE in 
the University of Michigan Herbarium). 


AMMANNIA KoEHNEI Britton, Bull. Torrey Bot. Club 18: 271. 1891. 


MEXICO—YUCATAN : east of Sisal, growing with Acrostichum in mangrove 
forest on island in the cienaga, July 29, 1938, C. L. Lundell & Amelia A. 
Lundell 8188, an erect herb. 

The species apparently has not been found heretofore in Mexico and 
Central America. It ranges from New Jersey to Florida, and the extension 
into Yueatan is not surprising. The plant closely resembles A. latifolia L., an 
apetalous species. Only two flowers are present on the Yucatan material, 
but both bear four small fugacious petals. 


RoTALA RAMOsIOR (L.) Koehne var. dentifera (A. Gray) Lundell, comb. 
nov. Ammannia dentifera A. Gray, Pl. Wright. in Smithson. Contr. 5: 55. 
1853. 


British Honpuras: Toledo District (?), Forest Home, alt. about 50 m., 
in open swampy places, Dec. 18, 1933, W. A. Schipp S—492, a weedy annual, 
flowers pink. 

The longer appendices of the calyx appear to be the only important char- 
acteristic for the segregation of R. dentifera (A. Gray) Koehne as a distinct 
species. This characteristic can searcely be considered of more than varietal 
importance. 


Eugenia itzana Lundell, sp. nov. Arbor parva, ramulis_ glabris. 
Folia glabra, petiolata, chartacea, lanceolata, ovato-lanceolata, vel elliptico- 
oblonga, 3-6.5 em. longa, 1.1—-3.8 em. lata, apice obtusa, basi acutiuscula, costa 
supra immersa. Inflorescentiae axillares, racemosae, densiflorae, rachidibus 
ad 6 mm. longis. Pedicelli 1-3 mm. longi. Petala elliptica, 3 mm. longa, cilio- 
lata. 

A small tree, up to 4 m. high, 5 em. in diam.; branchlets slender, gla- 
brous, compressed at the nodes, the internodes terete; branches whitish. 
Petioles slender, 3 to 7 mm. long, glabrous. Leaf blades chartaceous, glabrous, 
lanceolate, ovate-lanceolate, or elliptic-oblong, 3 to 6.5 em. long, 1.1 to 3.8 
cm. wide, apex obtuse, base acutish, costa impressed above, prominent be- 
neath, primary veins 5 to 7 on each side, evident but seareely prominulous. 
Inflorescence axillary, short racemose, the rachis up to 6 mm. long, usually 
less than 5 mm. long, sparsely puberulent at first. Pedicels slender, 1 to 3 
mm. long, sparsely puberulent at first, usually glabrous very early. Calyx 
minute, the tube about 1 mm. long, glabrous; lobes 4, broadly ovate, 0.5 to 
0.8 mm. long, ciliolate. Petals elliptic, 3 mm. long, ciliolate. 


Mexico—yvucaTAan : Chichen Itza, off Kaua road, in advanced deciduous 
forest, June 16, 1938, C. L. Lundell & Amelia A. Lundell 7589 (Type in the 
University of Michigan Herbarium), a treelet, 3 m. high, 2.5 em. diam., 


petals white; near Pisté, in forest, June 18, 1932, W. C. Steere 1373, ver- 
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nacular name chak-ni. QUINTANA ROO: Coba, west end of Lake Coba, in second 
vrowth, June 28, 1938, Lundell & Lundell 7687, a treelet, 4 m. high, 5 em. 
in diam.; east of Coba ruins, in advanced deciduous forest, July 5, 1938, 
Lundell & Lundell 7818, a small tree. 


I. itzana may be separated from EF. balancanensis Lundell, the closest 
species, by its broader leaves with costa immersed above, pedicels shorter and 
usually puberulent at first, and calyx with lobes only 0.5 to 0.8 mm. long. 
The cal xX lobes of E. balancane NSIS are fully twice as large . 


Eugenia leptopa Lundell, sp. nov. Arbor parva, ramulis § glabris. 
Folia glabra, petiolata, coriacea, lanceolata, lanceolato-oblonga, anguste ellip- 
tica, vel ovato-elliptica, 2.5-6 em. longa, 0.8—3.1 em. lata, apice attenuata, 
obtusa, basi acuta. Flores axillares, fasciculati, pedicellis fructiferis 5-16 
mm. longis, glabris. Fructus subglobosus, ca. 1 em. diam. 

A small slender tree, up to 4 m. high, 4 em. in diam.; branchlets slender, 
vlabrous, compressed at nodes; branches terete, whitish. Petioles slender, 
canaliculate, 3.5 to 6 mm. long, glabrous. Leaf blades rigidly coriaceous, 
paler beneath, glabrous, lanceolate, lanceolate-oblong, narrowly elliptic, or 
ovate-elliptic, 2.5 to 6 em. long, 0.8 to 3.1 em. wide, apex attenuate and 
obtuse, base acute, costa slightly impressed above, prominent beneath, pri- 
mary veins 5 or 6 on each side, scarcely prominulous on under surface, 
obscure above, conspicuously punctate. Flowers fasciculate in the leaf axils; 
pedicels slender, in fruit 5 to 16 mm. long, glabrous. Fruits subglobose, about 
1 em. in diam., obscurely costate, glabrous. Persistent calyx lobes 4, unequal, 
suborbicular, 2.5 to 3.3 mm. long, broadly rounded, the margin ferruginous- 
puberulent. 


Mexico—yvucaTan : off Pisté-Yokdzonoot road, in advanced deciduous 
forest, July 11, 1938, C. L. Lundell & Amelia A. Lundell 7869 (rypE in the 
University of Michigan Herbarium), a treelet, 4 m. high, bark white and 
smooth, fruits subglobose, dark red; near Telchac, in serub on low sand 
dunes, July 25, 1938, Lundell & Lundell 8111, a treelet, about 2 m. high; 
near Yokdzonoot, in advanced deciduous forest, July 14, 1938, Lundell & 
Lundell 7927, a treelet, 3 m. high, 4 em. in diam., vernacular name saclob. 


The leaves of numbers 7927 and 8111 are somewhat wider and the pedi- 
eels shorter than in the type. The affinity of EF. leptopa is with FE. Lundellii 
Standl. 


Eugenia ovatifolia Lundell, sp. nov. Arbor parva, ramulis subadpresse 
rufo-puberulis. Folia petiolata, subcoriacea, pallida, ovata vel ovato-ellip- 
tica, 6—9.8 em. longa, 3—5.8 em. lata, apice subabrupte subacuminata, acu- 
mine obtuso, basi late rotundata. Inflorescentiae axillares, racemosae, densi- 
florae, rachidibus ad 5 mm. longis. Pedicelli parce puberuli, ad 3.5 mm. longi. 
Petala late elliptica, ca. 3.2 mm. longa, parce ciliolata. Fructus subglobosus, 
verrucosus. 

A small tree, about 4 m. high, 7.5 em. diam.; branchlets rather stout, 
compressed at the nodes, at first subsericeous with short subappressed rufous 
hairs; branches glabrous, terete, becoming whitish. Petioles stout, canalicu- 
late, 3 to 6 mm. long, subsericeous. Leaf blades subcoriaceous, pallid, at 
first sparsely sericeous along the costa on both surfaces, glabrous early, ovate 
or ovate-elliptic, 6 to 9.8 em. long, 3 to 5.8 em. wide, apex subabruptly short 
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acuminate, the acumen broadly obtuse, base rounded and slightly decurrent, 
costa impressed above, prominent beneath, primary veins 7 or 8 on each side, 
prominulous on both surfaces, veinlets laxly reticulate. Inflorescence axil- 
lary, short racemose, the racemes fasciculate, crowded, the rachis up to 5 
mm. long, usually only 2 to 3 mm. long, bractlets rufous-pubescent. Pedi- 
cels sparsely puberulent, up to 3.5 mm. long. Calyx tube glabrous, scarcely 
1 mm. long; lobes 4, minute, unequal, broadly rounded, 0.4-0.8 mm. long, 
rufous-ciliolate. Petals broadly elliptic, about 3.2 mm. long, sparsely ciliolate. 
Stamens up to 4 mm. long; anthers with red spot at apex. Fruits subglobose, 
verrucose when voung. 


British Honpuras: Belize District, Belize-Sibun River road, 1931-32, 
Percy H. Gentle 30 (TYPE in the University of Michigan Herbarium), a 
small tree, about 4 m. high, 7.5 em. diam., flowers white; on bank of the 
Sibun River, Nov. 15, 1934, Gentle 1401, a tree, 7.5 em. diam., vernacular 
hame blossom be rrve 2. 


Eugenia petenensis Lundell, sp. nov. Frutex vel arbor parva, ramulis 
puberulis. Folia petiolata, petiolo puberulo, lamina chartacea, ovata, ovato- 
elliptica, vel lanceolata 3.5-8.5 em. longa, 2.1-4.3 em. lata, apice acuminata 
vel subacuminata, acumine obtuso vel obtusiusculo, basi acuta. Flores axil— 
lares, solitarii vel in racemi dispositi. Pedicelli parce puberuli vel glabri, 
6-15 mm. longi. Petala ovato-elliptica, 4 mm. longa, ciliata. Fructus 
elobosus, ca. 7 mm. diam. 

An arborescent shrub or small tree; branchlets slender, subeompressed 
at nodes, terete early, puberulent; branches whitish. Petioles canaliculate, 
puberulent, 1.5 to 4 mm. long. Leaf blades chartaceous, concolorous, ovate, 
ovate-elliptic, or lanceolate, 3.5 to 8.5 em. long, 2.1 to 4.3 em. wide, apex 
acuminate or short acuminate, the acumen usually obtuse or obtusish, base 
acute, costa and primary veins impressed above, the costa prominent beneath, 
the primary veins prominulous, 6 to 9 on each side, sparsely puberulent 
along the costa, glabrous otherwise. Flowers solitary, short racemose, or in 
leafy few-flowered elongated racemes up to 4.5 em. long, axillary, the rachis 
sparsely puberulent. Pedicels sparsely puberulent or glabrous, very slender, 
6 to 15 mm. long. Calyx glabrous; tube scarcely 1 mm. long ; lobes 4, unequal, 
the larger ovate-elliptic, the smaller depressed ovate, 1 to 2 mm. long, ciliate. 
Petals ovate-elliptic, 4 mm. long, ciliate. Fruits globose, about 7 mm. in diam. 


(JUATEMALA—PETEN: La Libertad, in marginal forest, June 10, 1933, 
C. L. Lundell 3746 (type in the University of Michigan Herbarium), a 
shrub, vernacular name jolteillo; same locality, June 5, 1933, Lundell 3631, 
a small tree; same locality, bordering an aguada, April 5, 1933, Lundell 2504, 
a small tree. British Honpuras: El Cayo District, Cocquericot, Mar. 19, 
1931, H. H. Bartlett 12063, 12064. 


Yuneker, Dawson, and Youse 5765 from Honduras appears to be refer- 
able here also. EF. petenensis is nearest E. cocquericotensis Lundell, but 
differs amply from that species in its solitary or openly racemose long 
pedicelled flowers. In E. cocquericotensis the racemes are congested and the 
pedicels do not exceed 3 mm. in length. The two species well illustrate the 
transition from solitary axillary flowers to a racemose inflorescence. 

On the basis of determinations by Mr. P. C. Standley, Lundell 3746 and 
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3631 have been reported as EF. vincentina Krug & Urban, and Lundell 2504 
as FE. salapensis (H.B.K.) DC. (Carnegie Inst. Wash., Publ. 478: 179. 
1937 


Stylogyne perpunctata Lundell, sp. nov. Frutex vel arbor parva, 
glabra. Folia longe petiolata, petiolo marginato, ad 3 cm. longo, lamina 
integra, membranacea, pellucido-punctata, elliptica vel obovato-elliptica, 10—- 
15 em. longa, 5—7 em. lata, apice abrupte subacuminata, basi cuneata. In- 
florescentiae terminales, sessiles, ad 6 em. longae. Pedicelli ad 7 mm. longi. 
Sepala 5, lanceolato-oblonga, ca. 2 mm. longa, minute erosa. Corolla 5 mm. 
longa; petala 5, oblonga, apice oblique emarginata. Fructus 6 mm. diam. 

A shrub or small tree, buds minutely scaly, entirely glabrous otherwise, 
branchlets terete, slender. Petioles marginate, slender, 1.2 to 3 em. long. Leaf 
blades entire, membranaceous, conspicuously pellucid-punctate, elliptie or 
obovate-elliptic, 10 to 15 em. long, 5 to 7 em. wide, apex abruptly short 
acuminate, the acumen triangular, less than 1 em. long, base cuneate and 
decurrent, costa plane above, prominent beneath, reticulate veined, the 
primary veins slender, rather conspicuous on under surface, less evident 
above. Inflorescence terminal, bipinnate, sessile, reddish, up to 6 em. long, 
the flowers umbellate, white, fragrant. Pedicels slender, usually curved, 3 to 
7 mm. long. Sepals 5, united at base, lanceolate-oblong, about 2 mm. long, 
searious, minutely erose, often obliquely emarginate at apex. Corolla 5 mm. 
long; petals 5, oblong, united at base into a tube 1.5 mm. long, reddish- 
punctate, hyaline, obliquely emarginate at apex. Filaments about 1 mm. long, 
attached near base of tube, the basal third blackish, apparently glandular. 
Anthers 2 mm. long. Berries globose, 6 mm. in diam. 


British Honpuras: Stann Creek District, Silk Grass Creek Reserve, in 
second growth (acahual), Sept. 10, 1939, Percy H. Gentle 2990 (Type in the 
University of Michigan Herbarium), a small tree, vernacular name pigeon 
berries; Stann Creek Valley, Big Eddy Ridge, in broken ridge, April 8, 
1941, Gentle 3552, a shrub, flowers white, fragrant. 


According to description, S. guatemalensis Blake is the closest allv. The 
membranaceous leaf blades, the marginate petioles up to 3 em. long, the 
pedicels usually 4 to 7 mm. long, the minutely erose scarious sepals, and the 
hyaline petals obliquely emarginate distinguish S. perpunctata. The leaves 
are very conspicuously pellucid-punctate. S. guatemalensis is described as 
having coriaceous leaves with unmargined petioles 5 to 12 mm. long, pedicels 
only 2 to 3.5 mm. long, entire sepals, and petals obtuse or rounded at apex. 

The vernacular name pigeon berries is applied in British Honduras to 
various plants with small edible berries. 


Matelea stenosepala Lundell, sp. nov. Scandens, caulibus ut petiolis 
pedunculisque parce hirsutis, dense puberulis, et minute rufo-tuberculato- 
puberulis. Folia petiolata, membranacea, ovato-cordata, 5—-10.5 em. longa, 
4.5-7.8 em. lata, apice abrupte caudato-acuminata, basi cordata, supra 
puberula, subtus puberula et parce hirsuta. Pedunculi axillares, 2-3 em. 
longi. Flores subumbellati, pedicellis ad 3 em. longis. Sepala lineari-lanceo- 
lata, ad 6.5 mm. longa. Corolla atro-rubra, puberula. 

An herbaceous vine, about 2 m. high; stems, petioles, peduncles, and 
pedicels sparsely hirsute, densely puberulent, and covered with minute red 
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bulbous hairs. Petioles slender, up to 6 em. long. Leaf blades membranaceous, 
slightly paler beneath, ovate-cordate, 5 to 10.5 em. long, 4.2 to 7.8 em. wide, 
apex abruptly caudate-acuminate, the acumen narrow, up to 8 mm. long, 
base deeply cordate, primary veins 5 or 6 on each side, slender, densely 
puberulent beneath with intermixed bulbous hairs, sparsely hirsute and 
puberulent above, the minute red bulbous hairs scattered. Peduncle slender, 
2 to 3 em. long, few-flowered. Bractlets linear, up to 6 mm. long. Pedicels 
filiform, up to 3 em. long. Sepals linear-lanceolate, up to 6.5 mm. long, with 
outside indument like that of pedicels, glabrous within. Corolla dark red, 
almost black, the lobes ovate-lanceolate, 6.5 mm. long, puberulent on both 
surfaces, densely so within. Follicles smooth, with indument like that of 
stems. 


MEXICO—QUINTANA ROO: Coba, in low second growth, June 27, 1938, 
C.L. Lundell & Amelia A. Lundell 7648 (Type in the University of Michi- 
van Herbarium). 


Tournefortia belizensis Lundell, sp. nov. Frutex, ramulis hirtellis. 
Folia petiolata, membranacea vel subchartacea, hirtella, anguste cuneato- 
oblanceolata, 9.5-17 em. longa, 3-4.7 em. lata, apice acuta vel acuminata, 
basi attenuata, acuminata. Inflorescentiae hirtellae, pedunculatae, eymosae ; 
flores ‘spicati. Calyx 3 mm. longus. Corolla puberula, ca. 6 mm. longa, tubo 
evlindrico ca. 4 mm. longo, lobis lanceolatis, acutis. 

Erect shrub, 2 m. high, simple or with few branches, branchlets densely 
hirtellous, inconspicuously angled at first. Petioles canaliculate, up to 6 mm. 
long, hirtellous. Leaf blades membranaceous or subchartaceous, persistently 
hirtellous on both surfaces, narrowly cuneate-oblanceolate, 9.5 to 17 em. 
long, 3 to 4.7 em. wide, apex acute or acuminate, base narrowly attenuate, 
decurrent, paler beneath, primary veins 6 or 7 on each side. Flowers in 
scorpoid cymose spikes; spikes 2 to 5 in the inflorescence, up to 10 em. long, 
hirtellous. Calyx 3 mm. long, shorter than the corolla tube; sepals linear- 
lanceolate, attenuate to an acute apex, sparsely hirtellous. Corolla about 6 
mm. long, puberulent outside; tube cylindrical, about 4 mm. long; lobes 
lanceolate, acute, scarcely 2 mm. long. Anthers sessile, inserted at middle of 
corolla tube. Ovary and style glabrous or sometimes bearing a few scattered 
short hairs. 

British Honpuras: El] Cayo District, El] Cayo, in forest on hillside along 
the Macal River, June 18, 1936, C. L. Lundell 6151 (Type in the University 
of Michigan Herbarium). 

T. belizensis is closely allied to T. umbellata H.B.K., a species with gla- 
brous leaves. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the word 
America being used in the broadest sense. 

Papers that relate exclusively to bacteriology, forestry, agriculture, horti 
culture, manufactured products of vegetable origin, or laboratory methods are 
not included. If users of the Index will call the attention of the editor to errors 
or omissions, their kindness will be appreciated, 

This Index is reprinted monthly on cards, and furnished in this form to sub 
scribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term of his 
subscription. Correspondence relating to the card issue should be addressed to 
the Treasurer of the Torrey Botanical Club. 


Plant Taxonomy and Floristics 
(exclusive of fungi) 
(See also under Morphology: Stevens. Under Genetics: Delisle; Fults) 


Alexander, E. J. A new and unique Pseudorhipsalis. Cactus & Suce. Jour, 14: 
19, 20, f. 14. F 1942. 

Allard, H. A. Observations on some Virginia and West’ Virginia plants. V 
Jour. Sei, 2: 263, 264, N—D 1941. 

Augustine, D. W. Additions to the flora of Mahaska County, Iowa. Proc. Lowa 
Acad, 48: 129-131. 1941. 

Bailey, L. H. Palms of the Seychelles Islands. Gentes Herb. 6: 1-48. /f. 
11 F 1942. 

Beetle, A. A. Studies in the genus Scirpus L. IV. The section Bolboschoenus 
Palla. Am. Jour. Bot, 29: 82-88. F 1942. 

Benson, L. Notes on the flora of Arizona. Torreya 42: 9-11. 27 F 1942, 

Bold, H. C. The cultivation of algae. Bot. Rev. 8: 69-138. F 1942. 

Braun, E. L. Notes on Kentucky plants. VI. The genus Solidago in Kentucky. 
Castanea 7: 7-10. Ja 1942. 

Camp, W. H. Studies in the Ericales: a new name in blueberries. Bull. Torrey 
Club 69: 240, 2 Mr 1942. 

Carabia, J. Las Bromeliaceas de Cuba. IV. Mem. Soc. Cubana Hist. Nat. 15: 
359-374. D 1941, 

Carr, K. A key to the North American species of Asclepias, without fruit or 
color characters. Castanea 7: 1-7. Ja 1942. 

Conklin, G. H. Hepaticae of Minnesota. Bryologist 45: 1-23. F 1942. 


Croizat, L. Phyllanthus nummulariaefolius Poir. in the United States. Torreya 
42: 14-17. 27 F 1942. 

Ducke, A. Lonchocarpus, subgenus Phacelanthus Pittier, in Brazilian Amazonia. 
Trop. Woods 69; 2-7. 1 Mr 1942, 

Edmondson, C. H. Viability of coconut seeds after floating in sea. Occ. Pap. 
Bishop Mus. 16: 293-304, f. 1-5. 3 D 1941. 

Egler, F. F. Check list of the ferns and flowering plants of the Seashore 


Park, Cape Henry, Virginia. 1-60. mimeographed. N. Y. State 
Forestry, Syracuse. 1 F 1942. 
Fernald, M. L. Carex Bayardi, nom. nov. Rhodora 44: 71, 7 F 1942. 
Fernald, M. L. Macloviana as a specific name. Rhodora 44: 71, 72. 7 F 1942. 


Fernald, M. L. Some historical aspects of plant taxonomy. Rhodora 44: 21-43. 
7 F 1942, 
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Fosberg, F. R. Miscellaneous notes on Hawaiian plants—2. Occ. Pap. Bishop 
Mus, 16: 337-347. 15 Ja 1942. 

Fosberg, F. R. Notes on North American plants. Il. Am. Midl. Nat, 27: 253- 
258. Ja 1942. 

Fosberg, F. R. Observations on Virginia plants, Part II. Va. Jour. Sci. 2: 284- 
288. N-D 1941. 

Gilbert, F. A. Notes on plants from southern West Virginia. V. Castanea 7: 
11, 12, Ja 1942. 

Gustafson, A. H. Notes on some fresh-water algae from New England. Rhodora 
44: 64-69. 7 F 1942, 

Lackey, J. B. The plankton algae and protozoa of two Tennessee rivers. Am. 
Midl. Nat. 27: 191-202. Ja 1942. 

Leon, H. Contribucion al estudio de las palmas de Cuba. V. Novedades en el 
Género Hemithrinar. Mem. Soe. Cub, Hist. Nat. 15: 379-382, pl. 41, 42. 
D 1941. 

McVaugh, R. A new Campanula from Idaho. Bull. Torrey Club 69: 241-243. 
2 Mr 1942. 


Massey, A. B. Native grapes of Virginia. Va. Jour. Sci. 2: 272-274, N-D 1941. 

Mathias, M. E. & Constance, L. New combinations and new names in the Umbel- 
liferae—II. Bull. Torrey Club 69: 244-248. Mr 1942. 

Miranda, F. Estudios sobre la vegetacion de Mexico—1l. La vegetacién de los 


cerros al sur de la meseta de Andhuac El Cuajiotal. An. Inst. Biol. 
| Mexico] 12: 569-614. f. 1-16. 1941. 

Morton, C. V. New Gesneriaceae from Panama. Ann. Mo. Bot, Gard, 29: 35-58. 
18 F 1942, 

O’Neill, H. The status and distribution of some Cyperaceae in North and South 
America, Cyperus, subgenus Mariscus. Rhodora 44: 43-64. 7 F 1942. 
Cyperus Pollardi Britton (=C. Deeringianus Britton and Small) and C. 
Blodgettii Britton. 77-89. Mr 1942. 

Papenfuss, G. F. Studies of South African Phaeophyceae. 1. Ecklonia maxima, 
Laminaria pallida, Macrocystis pyrifera. Am. Jour. Bot, 29: 15-24. f. 
1-59. F 1942. 

Pierce, J. H. The nomenclature of balsa wood (Ochroma). Trop. Woods 69: 
1,2. 1 Mr 1942. 

Record, S. J. & Hess, R. W. American timbers of the family Lauraceae. Trop. 
Woods 69: 7-33. 1 Mr 1942. 

Rickett, H. W. Cornus asperifolia and its relatives. Am. Midl. Nat, 27: 259- 
261. f. 1. Ja 1942. 

Rickett, H. W. The names of Cornus. Torreya 42: 11-14. 27 F 1942. 

Robinson, F. B. Tabular keys for the identification of the woody plants, 1-156. 
mimeographed. Garrard Press, Champaign, Ill, 1941. 

Rollins, R. C. A systematic study of Jodanthus. Contr. Dudley Herb. 3: 209- 
215. pl. 50, 25 F 1942. 

Rollins, R. C. A tentative revision of the genus Romanschulzia. Contr. Dudley 
Herb. 3: 216-226. pl. 51, 25 F 1942. 

Schnooberger, I. Distribution of Tortula papillosa Wils. Bryologist 45: 24-27. 
f. 1. F 1942. 

Scully, F. J. Grasses of Hot Springs National Park, Arkansas, and vicinity. 
Rhodora 44: 70, 71, F 1942. 

Smith, E. C. The willows of Colorado. Am, Midl. Nat, 27: 217-252. 3 f. Ja 1942. 

Wherry, E. T. Two Virginia fern records. Va. Jour. Sci. 2: 209. N-D 1941. 
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Wiggins, I. L. Acacia angustissima (Mill.) Kuntze and its near relatives. 


Contr. Dudley Herb. 3: 227-239. pl. 62-04, 25 F 1942. 
Morphology 
(including anatomy, and cytology in part) 


(See also under Plant Physiology: Smith & Kersten; Smith. 
Under Genetics: Jones; Longacre) 


Sinnott, E. W. Comparative rates of division in large and small cells of develop 
ing fruits. Proe, Nat. Acad. 28: 36-38. 15 F 1942. 

Speese, B. M. Distribution and duration of meristematic activity in leaves of 
Smilar. Va. Jour. Sei, 2: 280-283. f. 1-8. N-D 1941. 

Stevens, W. C. Variation in Camassia scillioides. Trans. Kansas Acad, 44: 
208-211. f. 1-3. 1941. 

Svihla, R. D. Multiple sporophytes in Mnium affine Bland. Bryologist 45: 27, 
28. f. 1. F 1942. 

Van Fleet, D. S. The development and distribution of the endodermis and an 
associated oxidase system in monocotyledonous plants. Am. Jour, Bot. 29: 
1-15. f. 1-6. F 1942, 

Weier, T. E. A cytological study of the carotene in the roots of Daucus carota 
under various experimental treatments. Am, Jour. Bot. 29: 35-44. f. 

F 1942. 


Plant Physiology 
(See also under taxonomy: Bold; Edmondson. Under morphology: Weier) 


Dawson, R. F. Accumulation of nicotine in reciprocal grafts of tomato and 
tobacco. Am. Jour. Bot. 29: 66-71. F 1942. 

Duncan, R. E. & Curtis, J. T. Intermittent growth of fruits of Phalae NOPSts. A 
correlation of the growth phases of an orchid fruit with internal develop 
ment. Bull, Torrey Club 69: 167-183, f. 1-9. 2 Mr 1942, 

Oexemann, S. W. Relation of seed weight to vegetative growth, differentiation, 
and yield in plants. Am. Jour. Bot. 29: 72-81, F 1942. 

Reid, M. E. Effect of variations in light intensity, length of photo-period, and 
availability of nitrogen upon accumulation of ascorbie acid in cowpea 
plants. Bull. Torrey Club 69: 204-220, 2 Mr 1942. 

Robbins, W. J. & Ma, R. Vitamin deficiencies of Ceratostomella. Bull. Torrey 
Club 69: 184-203. 2 Mr 1942, 

Salvin, 8. B. Factors controlling sporangial type in Thraustotheca primoachlya 
and Dictyuchus achlyoides, 1. Am. Jour, Bot. 29: 97-104, f. 1-5. F 1942. 

Shafer, J. Water loss from excised leaves. Am. Jour. Bot. 29: 89-91. f. 1-2. 
F 1942, 

Smith, G. F. & Kersten, H. The relation between xylem thickenings in primary 
roots of Vicia faba seedlings and elongation, as shown by soft x-ray irradia 
tion. Bull. Torrey Club 69: 221-234. f. 1-9. 2 Mr 1942. 

Smith, P. E. Studies of the growth of pollen with respect to temperature, auxins, 
colchicine and vitamin B,. Am, Jour. Bot, 29: 56-66. f. 1-24. F 1942. 
Stuckey, I. H. Some effects of photoperiod on leaf structure. Am. Jour. Bot. 

29: 92-97. f. 1-2. F 1942. 


Mycology and Phytopathology 
Bodman, M. C. The genus Tremellodendron. Am. Midl. Nat. 27: 203-213. 
pl. 1-3. Ja 1942. 
Burkholder, W. H. Three bacterial plant pathogens: Phytomonas caryophylli 
sp. n., Phytomonas alliicola sp. n., and Phytomonas manihotis (Arthaud 
Berthet et Bondar) Viegas. Phytopathology 32: 141-149. F 1942. 
































1942 INDEX TO AMERICAN BOTANICAL LITERATURE 


Corkle, M. A. & Melhus, I. E. The earliest known epiphytotic of rust in Iowa. 
Proc. lowa Acad. 48: 147-157, 1941. 

Gilman, J. C. Illustrations of the fleshy fungi of Iowa. II. The white-spored 
Agarics. Proc. lowa Acad, 48: 99-115. f. 1-14. 1941. 

Hirt, R. R. & Hopp, H. Relation of tube layers to age in sporophores of Fomes 
igniarius on aspen. Phytopathology 32: 176-178. F 1942. 

Holton, C. S. & Rodenhiser, H. A. New physiologic races of Tilletia tritici and 
T. levis. Phytopathology 32: 117-129. f. 1. F 1942. 

Johnson, F. The complex nature of white-clover mosaic. Phytopathology 32: 
103-116. f. 1, 2. F 1942, 

Karling, J. S. Parasitism among the chytrids. Am. Jour. Bot. 29: 24-35. f. 1- 
47. F 1942, 

Linn, M. B. Cephalosporium leaf spot of Dieffenbachia. Phytopathology 32: 
172-175. f. 1. F 1942, 

Linn, M. B. Leaf-spot disease of cultivated salsify. Phytopathology 32: 150 
157. f. 1, 2. F 1942. 

Melhus, I. E., Shepherd, D. R. & Corkle, M. A. Diseases of potatoes in Iowa. 
Proc. lowa Acad, 48: 133-146. 1941, 

Negroni, P. & Fischer, I. Contribucién al conocimiento de la flora micolégico 
(microfitos) del delta del Parana. Rey. Inst. Bact. | Buenos Aires] 10: 
334-342. pl. 12-14. D 1941. 

Nieto Roaro, D. Flora micologica mexicana. I. Descripcion de algunas especies 
del genero Helvella. An. Inst, Biol. [Mexico] 12: 559-568, f. 1-4. 1941, 
Rodenhiser, H. A. & Holton, C. S. Variability in reaction of wheat varieties to 
physiologie races of Tilletia levis and T, tritici. Phytopathology 32: 158- 

165. F 1942, 

Seaver, F. J. The North American cup-fungi (Operculates). Supplemented edi 
tion. i-vii, 1-377, pl. 1-74.+ f. 1-23. The author, New York, 1942. 

Wehmeyer, L. E. A revision of Melanconis, Pseudovalsa, Prosthecium, and 
Titania, i-vii, 1-161. pl. 1-11. Univ. Mich. Press, Ann Arbor, 1941. 

Wilson, W. E. Physiological studies on two species of Diplodia parasitic on 
corn. Phytopathology 32: 130-140, F 1942. 


Genetics 
(including cytogenetics) 


Delisle, A. L. & Old, M. R. Further genetical and cytological studies on a seu 
side ecotype of Aster multifiorus Ait. Va. Jour, Sei, 2: 275-279. pl. 1-3. 
N-D 1941. 

Fults, J. L. Somatic chromosome complements in Bouteloua. Am. Jour, Bot. 
29: 45-55. f. 1-66. F 1942. 

Jones, D. F. Chromosome degeneration in relation to growth and hybrid vigor. 
Proce. Nat. Acad. 28: 38-44, 15 F 1942. 

Jones, H. A. & Clarke, A. E. A natural amphidiploid from an onion species 
hybrid. Allium cepa L.x Allium fistulosum L. Jour, Hered. 33: 25-32. 
f. 17-20. Ja 1942. 

Longacre, D. J. Somatic chromosomes of Aconitum noveboracense and A. unci- 
natum. Bull. Torrey Club 69: 235-239 f. 1, 2 Mr 1942. 


Paleobotany 
Andrews, H. N. Contributions to our knowledge of American carboniferous 
floras, I. Scleropteris, gen, nov., Mesorylon and Amyelon. Ann. Mo. Bot. 
Gard, 29: 1-18. pl. 1-4+f. 1.18 F 1942. 
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Andrews, H. N. & Pannell, E. Contributions to our knowledge of American car 
boniferous floras. Il. Lepidocarpon. Ann. Mo. Bot. Gard. 29: 19-34. pl. 
5-8 +f. 1-2. 18 F 1942. 

Dorf, E. Application of paleobotany to the Cretaceous-Tertiary boundary prob 
lem. Trans. N. Y, Aead. SII 4: 73-78. Ja 1942. 


Ecology and Plant Geography 
(See also under taxonomy: Miranda) 


Aikman, J. M. & Boyd, I. L. Adaptation studies of plants for soil conservation 
purposes in southern Iowa. Proc. lowa Acad. 48: 117-121. 1941, 

Drexler, R. V. Forest communities of the Quetico Provincial Park of Ontario. 
Proc. lowa Acad, 48: 123-127, 1941. 

Metzger, W. H. & Anderson, K. L. Plant succesion on land in continuous alfalfa 
culture as influenced by fertilizer treatments. Trans. Kansas Acad. 44: 
184-189, 1941. 

Murrill, W. E. Ecologic notes on Florida hawthorns. Ecology 23: 121-123. 
f. 1-13, Ja 1942, 

Overbeek, J. van. Some pliysiological aspects of the problem of ecology and evolu 
tion. Jn: Ecological aspects of evolution. Am. Nat. 76: 23, 24. Ja—F 1942. 

Purer, E. A. Plant ecology of the coastal salt marshlands of San Diego County, 
California. Ecol. Monogr. 12: 81-111. f. 1-16. Ja 1942. 

Riegel, A. Life history and habits of blue grama. Trans. Kansas Acad, 44: 
76-85. f. 1-8. 1941. 

Stebbins, G. L. Polyploid complexes in relation to ecology and the history of 
floras. In: Ecological aspects of evolution. Am, Nat. 76: 36-45. f. 
Ja—Fe 1942. 

Stewart, B. K. Plant ecology and paleo-ecology of the Creede Valley, Colorado. 
Univ. Colorado Stud, 26: 114-117, N 1940. 

Webb, J. J. The life history of buffalo grass. Trans. Kansas Acad, 44: 58- 
75. f. 1-17. 1941. 

Went, F. W. The dependence of certain annual plants on shrubs in southern 
California deserts. Bull. Torrey Club 69: 100-114. F 1942. 

Wolfe, J. N. Species isolation and a proglacial lake in southern Ohio. Ohio 
Jour, Sei, 42: 2-12, Ja 1942. 


GENERAL BOTANY 
(including biography) 
Beck, W. A. Alfred Ursprung. Plant Physiol. 17: 1-6. Ja 1942. 
Gates, B. N. The dissemination by ants of the seeds of bloodroot, Sanguinaria 
canadensis. Rhodora 44: 13-15. 8 Ja 1942. 
Haskell, D. C. The United States exploring expedition 1838-42 and its publica 
tions 1844-74. IV. Works relating to the expedition and its results. Bull. 
N. Y. Pub, Lib. 46: 103-150. J 1942. 
Howell, J. T. Hugh Cuming’s visit to the Galapagos Islands. Lloydia 4: 291, 
292. D 1941. 
MeNair, J. B. Thomas Horsfield—American Naturalist and Explorer. Torreya 
42: 1-9. 27 F 1942. 
Stearn, W. T. Bonpland’s ‘‘ Description des plantes rares cultivées & Malmaison 


et & Navarre.’’ Jour. Arnold Arb. 23: 110, 111. Ja 1942. 
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glasses made of imported glass. How- 
ever, we are justly proud that the de- 
velopment of American made GOLD 
SEAL Cover Glasses is an accomplished 
fact. 


If you have our recent catalog No. 102 
“LABORATORY INSTRUMENTS 
AND SUPPLIES,” refer to page 22 for 
prices. If you have not received a copy 
of this catalog, please write for one on 
your department letterhead to: 








CONSERVATION OF SCHOLARLY JOURNALS' 


The American Library Association created this last vear the Committee 
on Aid to Libraries in War Areas, headed by John R. Russell, the Librarian 
of the University of Rochester. The Committee is faced with numerous 
serious problems and hopes that American scholars and scientists will be of 


considerable aid in the solution of one of these problems. 


One of the most difficult tasks in library reconstruction after the first 
World War was that of completing foreign institutional sets of American 
scholarly, scientific, and technical periodicals. The attempt to avoid a dupli- 


cation of that situation is now the concern of the Committee. 


Many sets of journals will be broken by the financial inability of the 
institutions to renew subscriptions. As far as possible they will be completed 
from a stock of periodicals being purchased by the Committee. Many more 
will have been broken through mail difficulties and loss of shipments, while 
still other sets will have disappeared in the destruction of libraries. The size 
of the eventual demand is impossible to estimate, but requests received by the 


Committee already give evidence that it will be enormous. 


With an imminent paper shortage attempts are being made to collect old 
periodicals for pulp. Fearing this possible reduction in the already limited 
supply of scholarly and scientific journals, the Committee hopes to enlist the 
cooperation of subscribers to this journal in preventing the sacrifice of this 
type of material to the pulp demand. It is scarcely necessary to mention the 


appreciation of foreign institutions and scholars for this activity. 


Questions concerning the project or concerning the value of particular 
periodicals to the project should be directed to Wayne M. Hartwell, Execu- 
tive Assistant to the Committee on Aid to Libraries in War Areas, Rush 


Rhees Library, University of Rochester, Rochester, New York. 


1 This statement is inserted at the request of the American Library Association. 
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